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FOREWORD

This is a report on axi investigation authorized under the

California Water Code, Division 1, Chapter 2, Section 229.

Purpose of this authorization is to "investigate conditions

of the quality of all waters within the State, including

saline waters, coastal and inland, as related to all sources

of pollution of whatever natiire . . . .

"

This report is one of a series designed to determine the ex-

tent and nature of salt water intrusion into coastal aquifers.

It grew out of a request from the San Luis Obispo County

Flood Control and Water Conservation District to study the

causes and to suggest possible corrective measures for saline

water produced by certain wells within the coastal portions

of the county.

For their assistance in this investigation, grateful acknowl-

edgment is made to the San Luis Obispo County Flood Control and

Water Conservation District, Union Oil Company of California,

United States Geological Survey, other agencies of the Federal

Government and the State of California, and cities, counties,

public water districts, private companies, and individuals.

William R. Gianelli , Director
Department of Water Resoixrces

The Resources Agency
State of California
December 9, I969
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ABSTRACT

Several wells in the shallow aquifers near the ocean in the Pismo-Guadalupe area of San Luis Obispo County
have been found to be producing water containing increasing concentrations of chlorides; sea-water intrusion
was suspected. However, investigation disclosed that the sources were the natural salinity of the geologic
environment, salt concentration by evapotranspiration, and downward percolation of sea water entering tidal
channels at times of extremely high tide. Although evidence of sea-water intrusion was fourvd in three deepe
confined aquifers, there is no immediate danger to the water supply. The report concludes that, with contin
pumping, ocean water can be drawn into the major aquifers, and it recommends that local agencies maintain th
piezometers that were constructed for this study and monitor coastal aquifers with them.
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CHAPTER I. INTRODUCTION

The intmsion of sea water is an ever-
present threat to those coastal ground
water basins that are used to supply
fresh water. Already, 19 basins in
Southern California have been found to
be subject to the encroachment of salt
water. This can lead to the loss of
not only the fresh water they contain
but also the potential storage and
transmission capabilities of the basins
themselves.

One of the coastal basins in which
such intrusion has been suspected is
that underlying the Pismo-Guadalupe

Area, which is the coastal reach of

Arroyo Grande Valley in San Luis Obispo
County and Santa Maria Valley in San
Luis Obispo and Santa Barbara Counties
(Figure l). A cooperative monitoring
program maintained by the Department of

Water Resources and the San Luis Obispo
County Flood Control and Water
Conservation District has showed that
several wells in the basin have been
producing water that contains increas-
ing concentrations of chloride. Sea-
water intrusion was suspected as the

cause.

Because ground water is the chief
supply of water for the valley,
which is noted for its truck crops, an
investigation was undertaken in 196I|..

Control of sea-water intrusion reqiiires

both knowledge of the complex ground

water regimen and time to implement
control measures.

Objective and Scope of Investigation

The objective of this program was to
determine the extent and rate of sea-
water intrusion.

Specifically, this involved three tasks

:

one, to establish a minimum sea-water
intrusion monitoring system; second, to

determine the geologic, hydrologic, and
native water quality environment; and
third, to determine the present status
of sea-water intrusion and evaluate the
potential for and likely nature of fur-
ther salt water encroachment.

The scope of the investigation encom-
passed comprehensive and integrated
analyses of geologic, hydrologic, and
water quality data, together with a
general evaluation of present and pro-
jected net water use and probable
offshore reservoir conditions.

Conduct of Investigation

The investigation began in July 196I4.

and by May I966 a progress report
had been completed. The report pro-
vided both a cursory review of well
data and samplings from the monitor-
ing piezometers in the Arroyo Grande
Plain, which is a portion of the
study area.

Additional monitoring piezometers were
constructed at Oso Flaco Lake in I966
and the Guadalupe Oil Field in 1967,
both of which are also in the study
area. Water level and water sanpling
programs were conducted in the fall
of 1967. By 1969, when data obtained
both from field work and from avail-
able reports and files had been ana-
lyzed, preparation of this bulletin
was completed.

Although all basic data are not in-

cluded in this bulletin, they are

available in the files of the
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Department, Southern District. These
data are currently being placed in a
form to permit rapid retrieval through
use of an EDP system.

A list of reports relative to the study
area is given in Appendix A. Detailed
geologic exploration mapping in the
area is currently being conducted by

C. A. Hall of the University of
California at Los Angeles . Findings
from his study, which has not yet been
published in a report, have been of
considerable assistance to this
investigation.

Definitions of terms used in the report
are given in Appendix B.

Area of Investigation

The study area is a rectangle of ap-
proximately 14.0,000 acres •which occupies
the coastal zone of San Luis Obispo and
Santa Barbara Counties. The area is
about 20 miles long and 3 miles wide.
(See Figure 2.)

It consists of several flat alluviated
coastal plains, interrupted by hills,
mesas, sand dunes, and terraces, and
is drained by several waterways

o

Rainfall averages about 1$ inches,
and fog is common throughout the yearo

Coastal Plains

The coastal plain is divided into two
portions : the Santa Maria Plain on the
south and its northern counterpart, the
Arroyo Grande and Pismo Plains.

The Santa Maria Plain, which extends
about 20 miles inland, reaches its
maximum width of 5 miles near the
community of Guadalupe o The plain has
a westward gradient which averages
about 20 feet per mile.

The Arroyo Grande Plain is about
5 square miles in area. It was formed

by erosion and deposition of Arroyo
Grande Greek. The plain attains its
maximum width of about 2 miles just
south of Oceano, and has an average
westward gradient of about 30 feet
per mile.

The Pismo Plain is about 2 square miles
in area. It was formed from sediments
deposited by Pismo Creek.

Hills, Mesas, Sand Dunes, and Terraces

The Casmalia Hills help form the south-
ernmost drainage divide in the Santa
Maria Valley. The main features near
the crest are steep ravines and sharp
ridges, which are the result of anti-
clinally folded Miocene and Pliocene
sediments that are fairly resistant.
On the northern flanks are rolling
hills and moderate to deep gullies,
which are the results of erosion on
what are chiefly unconsolidated sedi-
ments of upper Pliocene and Pleistocene
age.

The San Luis Hills make up the northern-
most drainage divide. They can be
divided into two portions: one, which
lies west of Pismo Creek, rapidly
attains elevations up to 1,000 feet,
with steep ravines and sharp ridges
being the result; and a second, which
is east of Pismo Creek, rises to about
700 feet, but more gently.

Three physiographic features of impor-
tance within the area of investigation
are the Orcutt, Nipomo, and Tri-Cities
Mesas, or uplands, and their associated
sand dunes.

Orcutt Mesa is predominately covered by
older sand dunes and is the result of
downcutting by the Santa Maria ftiver.

That portion of Nipomo Mesa that is
within the area of investigation may
be divided into two parts: a western
portion that is overlain by Recent
sand dunes and an eastern half that is
covered by older sand dunes. The

-3-
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Recent sand dunes along the coast have

been termed the Pismo Dunes. They
extend both north and south beyond
Nipomo Mesa.

The Tri-Cities Mesa covers approximately
1; square miles. It is a remnant of the

deposition that was laid down, histori-
cally, by Pismo and Arroyo Grande
Creeks . Older sand dunes now cover the
area.

Marine terraces are found at two points.
One prominent terrace extends from
Pismo Beach north through Shell Beach
and beyond the study area. The other

terrace, which is much smaller, is in
the extreme southern end of the study
area.

Drainage Systems and Waterways

The Santa Maria River formerly flowed
out to sea near the present Oso Flaco
Lake, following the general pattern of

Oso Flaco Creek. This channel is

blocked from the ocean by sand dunes
which, in turn, form Oso Flaco Lake.
The present Santa Maria River dis-
charges to the west of Guadalupe, The
direct connection between the river
and the ocean usually occurs only dur-
ing the winter, at times of peak run-

off. In summer, a bioildup of sand

blocks the outlet.

In the Tri-Cities Mesa are two major
drainage channels : the Pismo and Arroyo
Grande Creeks.

Marshland, accompanied by a series of

fresh water lakes, ponds, and sloughs,

is found in the western part of Nipomo

Mesa from Pismo Beach to Black Lake.

Other marshland within the stucfy area

is found at Oso Flaco and Little Oso

Flaco Lakes, in the southwestern part

of the Guadalupe Oil Field, and about

1.5 miles southeast of where the Santa

Maria River discharges to the ocean.

Offshore Topography

The 1967 bathymetric map that was pre-

pared by the U.S. Coast and Geodetic

Survey shows the offshore topography
in the study area to be smooth. The

slope is so gentle that at approximately
20 miles offshore, the depths range
from 1,100 to 1,U00 feet below sea
level with no indications of submarine
canyons or of seaward extensions of

present stream valleys. Such rela-
tively flat offshore extensions of
alluvial formations have a potential
for storing large quantities of fresh
water

.

-5-
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CHAPTER II. SUMMARY OF FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

The principal findings, conclusions
and reconunendations of this investiga-
tion are as follows:

Findings

1. Fresh groimd waters containing 20
to 70 ppm chloride predominate at the
coast in a series of multiple confined
aquifers formed in Recent alluvium,
the lower Pleistocene Paso Robles
Fonnation, and the upper Pliocene
Careaga Sand.

2. Shallow coastal ground waters (less
than 100 feet deep) in Recent tidal and
fluvial deposits and upper Paso Robles
beds north of Arroyo Grande Creek con-
tain 100 to 1,630 ppm chloride. His-
toric water levels in these aquifers
preclude sea-water intrusion. Sources
of the chloride are:

(a) The natural salinity of the
geologic environment (former
tidal marshes and sloughs),

(b) Salt concentration by
evapo transpiration,

(c) Downward percolation of sea water
entering tidal channels at times of
extremely high tides.

3. The slight seaward gain in chloi'ide

(12^ ppm) in imconfined ground water of
marine terrace deposits north of Pismo
Creek and a basal, south-sloping salt
water wedge in the Careaga Sand are
natural sea-water intrusion conditions.
A possible sea-water intrusion condition
is also noted in the B zone of the
Paso Robles Formation. There are few
wells in these aquifers.

h» Inland ground waters contain 30 to

190 ppm chloride. Concentrations
greater than 100 ppm are indicative of
man-related degradation. The chief
sources of degradation are:

(a) Recycling of excess irrigation
water,

(b) Deep percolation of domestic
sewage.

5. Structural and stratigraphic condi-
tions, the gentle seaward dip of the

ocean floor, and high historic artesian
water levels indicate a large offshore
storage of fresh groiond water.

6. Although water levels at the coast
are now above sea level, the hydraulic
potential for sea-water encroachment
exists in the Paso Robles and Careaga
aquifers

.

7. Water levels in the southern part
of the Arroyo Grande Hydro logic Sub-
unit and in the Santa Maria Hydrologic
Subimit exhibited a persistent decline
from I95I-68, indicative of over-pump-
ing. Water levels in the northern part
of the Arroyo Grande Hydrologic Sub-
unit fluctuated with rainfall, but they
showed little if any net decline.

8. Projected net water demands for
the northern part of the Arroyo Grande
Hydrologic Sabunit during I97O-9O will
be largely offset by the supplemental
yield of Lopez Reservoir. Increasing
net water demands for the southern
part of the Arroyo Grande Subunit and
the Santa Maria Hydrologic Subunit ijill
necessitate increased over-pumping of
ground water supplies.

-7-



Conclusions

1. Sea-water intrusion is not an
iiranediate problem onshore at present

o

2

.

Intrusion is probably advancing

landward from different salt water

forebays at different rates in each

confined aquifer.

3o Projected net water demands during

1970-90, even with local supplemental
supplies, favor a slight increase in

the rate of salt water encroachment in
the southern part of the Arroyo Grande
and Santa Maria Hydrologic Subunitso

h- The onshore arrival of intrusion is
dependent chiefly on the extent of
fresh ground water offshore and the
rate of salt water encroachment.
Intrusion will likely reach the coast
first in shallow aquifers which crop
out near shore and are subject to
hea-vy pumping,

5. Based on limited data, there is
evidence of an essentially imused body
of fresh ground water in the lower
Paso Robles Formation, the Careaga
Sand, and the upper Pismo Formation
(central San Luis Hills).

RECOMMENDATIONS

1. The Department and San Luis Obispo
County should implement the following
recommendations relating to the estab-
lishment of and measurement and sam-
pling of a grid of wells which will
detect sea water intrusion, the estab-
lishment of water well standards, and

the determination of extent and loca-
tion of offshore aquifers.

2. Maintenance and observation of the
Department's piezometers and other
wells which may be selected to estab-
lish a well grid to assist in the
detection of sea-water intrusion
should be reassigned to local water
agencies and funded at the local level.

3. Annual sampling and testing of a

grid of wells during early October,
and semiannual observation of a grid
of wells in April and October are
suggested as minimum frequencies to

detect sea-water intrusion.

Uo An annual report evaluating the
status of sea-water intrusion based
on the well measurement and sampling
program should be prepared and dis-
tributed by the Department,

5. If extensive development of the
deep aquifers occurs in the future,
piezometers for well measurement and
chloride sampling will be needed to

detect sea-water intrusion.

6. An offshore geophysical survey
(such as a sparker survey) should be
undertaken to evaluate the location,
extent, and outcrop areas of aquifers
and to estimate the potential offshore
freshwater storage capacity. This
could be conducted as a cooperative
effort by interested agencies as funds
are made available.

7

.

To help prevent movement of degraded
water from one aquifer to another,
standards for both the construction and
destruction of water wells should be

established pursuant to procedures set

forth in existing State law.



CHAPTER III, GEOLOGY

Before the rate and extent of sea-water
intrusion can be known, a conpetent
understanding of the geologic framework
in which ground water is stored and
moves must be developed.

Geologic History

In the study area, the record of geo-

logic events before the Miocene Epoch
is obscure and indefinite. No doubt
there were times of deformation, depo-

sition, and erosion. However, there

is no direct evidence, at present, as

to what events took place. It is known
that Franciscan rocks were rather ex-

tensive during the later part of
Jurassic time. Toward the end of this
period, the area was covered by the
sea when the shales, sandstones, and
conglomerates of the Knoxville
Formation were deposited.

In early Miocene, nonmarine sediments
were deposited in the region. Follow-
ing this, the sea invaded the area for
the first known time during the
Tertiary. Miocene marine sediments of
sandstones, shales, siltstones, clay-
stones, and mudstones were laid down.
Simultaneously, Miocene volcanic rocks
were introduced with some deformation
taking place.

The sea continued to occupy the region
until the end of the Pliocene. During
early and middle Pliocene, marine sedi-
ments of sandstones, shales, siltstones,
claystones, and mudstones were depos-
ited. Deformation was minor, but con-
tinual, throughout the Pliocene. The
Pismo Formation was deposited during
this epoch.

During upper Pliocene time the sea ad-
vanced farther inland, and the Careaga
Sand was deposited.

In lower Pleistocene time the Paso
Robles Formation was laid down. Gen-
erally it is considered to be of con-

tinental origin. However, in the
study area, it is locally of lagoonal
or brackish-water origin because it
was deposited in synclinal troughs
that were still submerged at or near
the coastline. Minor warping accom-
panied the deposition of both the
Careaga Sand and the Paso Robles
Formation.

In middle Pleistocene time, major
deformation and intense folding took
place. It was at this time that the

present limits of the ground water
basin were established. Even the
Jurassic sediments and igneous rocks
were further uplifted, accentuating
the shape and limitations of the basin.

At this time, there was partial re-

moval of the Paso Robles Formation in
the Arroyo Grande and Nipomo Mesa
areas. In the southern part of the
study area, the Careaga Sand and Paso
Robles Formation were bent upward by
the Casmalia Hills. Concurrently,
they were depressed into the adjacent
syncline that was immediately north
of these highlands, and they were cut

by faults

.

After the intense folding and major
deformation of the middle Pleistocene,
conditions became more stable. This
period of quiescence continued into

the upper Pleistocene. The Orcutt
FoiTTiation was deposited by the ances-
tral streams. In the study area,

there are local beds that are inter-



fingered within the Orcutt Formation.

This is probably due to a lagoonal

or brackish-water environment.

Minor faulting and folding took place

after the deposition of the Orcutt

Formation, but prior to the forming of

the fluvial and marine terrace de-

posits. This was the last deformation

that was to affect the formation of the

Santa Maria Valley Ground Water Basin.

The extent and elevation of the marine

terraces within the study area indicate

that there inust have been times of

extended uplift in the upper
Pleistocene. It is assumed that the

ancestral rivers and streams were ap-

proximately in the same positions as

they are today.

At the end of the Pleistocene, during

the Wisconsin glacial age, sea level

was considerably lowered. This caused

the rivers and streams to further en-

trench their streambeds.

After the retreat of Wisconsin glacia-

tion, the last glacial period, the sea

level rose, causing Recent alluvial
and channel deposits to backfill the

coastal valleys.

More recent events are the erosion of

offshore projecting headlands and the

transporting of sand to protected
areas by waves and longshore currents.

The prevailing wind is from the north-
west, and this has transported the
sand inland. This process is still
going on. It is believed that the an-
cestral Arroyo Grande Creek discharged
at a point farther south than it does
now. However, as the dune sands pro-
gressed landward, they forced the
creek north to its present location.

Stratigraphy

For this study, the geologic formations

of the Pismo Beach-Guadalupe Area have

been divided into three series.

First are the formations of the younger,

unconsolidated water-bearing series

which range in age from lower Pleisto-
cene through Recent times. The second
is the group that is categorized as an
older, unconsolidated to cemented
water-bearing series. Figure 3 shows
the generalized stratigraphic and
hydrogeologic relationships of these
two water-bearing series. The third
group is designated as a consolidated,
essentially nonwater-bearing series,
the members of which range from
Jurassic to upper Pliocene. Plate 1
shows the areal distribution of all
these series.

For this report, high permeability is

rated as more than 500 gallons per day
per square foot, moderate permeability
is 100 to ^00, and low permeability is

less than 100 gallons per day per
square foot.

Younger Water-Bearing Series

Included in the younger water-bearing
series are the formations of Recent,

upper Pleistocene, and lower Pleisto-

cene age.

Recent Formations . The thickness of

the younger sand dunes ranges from a

few feet to 190 feet (Sections A-A'

through D-D' on Plates 2A and 2B).

On rare occasions, local semiperched
or perched water zones may be found

in them.

For this study, the river channel de-

posits are considered along with the

alluvium and are shown as one unit.

Recent alluvium, on Plate 1. The water-

bearing properties of these deposits

are important in that they transmit

seepage losses downward. Generally,

these deposits are above the water

table

.

In general, the alluvial deposits are

limited to the stream valleys and

-10-





alluvial plains. Throughout the study

area, the alluvium lies unconformably

on the Paso Robles Formation or other

older beds. The alluvium, in turn, is

overlain locally by the Recent river

channel deposits or dune sands.

The alluvium in the Santa Maria Plain

consists of an upper and a lower

member. In the eastern part of the

Santa Maria Valley (outside the study

area), the upper and lower members are

similar in lithology. Wells that are

perforated in the eastern portion of

the Santa Maria Valley have high
yields.

However, the upper member becomes finer
grained to the west, with the resTolt

that the permeability decreases. Es-

sentially unused semiperched water is

found within the upper member. In

some places, the tighter sediments

form a cap and confine the water to the

underlying deposits (Sections C-C and
D-D', Plate 2B).

The lower member of the alluvium, the

principal aquifer of the Santa Maria
Plain, yields water readily to wells.

It is tapped by large irrigation wells
that are commonly multiperforated in
the upper Paso Robles Formation.
Thickness of the lower member ranges
from to 1^0 feet (Sections A-A'
through D-D', Plates 2A and 2B). With-
in the lower member are found a series

of interrelated confined to semicon-
fined aquifers that range in thickness
from 5 to 65 feet (Section C-C, Plate
2B). Within the Santa Maria Plain, the

northern extent of the lower member
and its associated aquifers is found
in the vicinity of Oso Flaco Lake Road
(Plate 1 and Section C-C, Plate 2B).

In the Pismo Creek area, the alluvium
is divided into an upper and a lower
zone. The lower zone is the principal
aquifer in Price Canyon and the Pismo
Plain.

In the Arroyo Grande Creek area, the

alluvium is also divided into an upper

and lower zone. The zones are separated
by fine-grained silty sediments. The
aquifer in the upper zone follows the
pattern of the present Arroyo Grande
stream channel and swings north to well
32S/13E-30N1-3, but probably not much
beyond (Section A-A' , Plate 2A) . Esti-
mated permeability, based on the spe-
cific capacity, is 81j.O gallons per day
per square foot. The southern bound-
ary may be under the Pismo Dunes.

There is some continuity upstream be-
tween shallow and deep aquifers. The
deep aquifer follows the general pat-
tern of Arroyo Grande Creek from east
to west until the aquifer reaches the
southwest quarter of Section 32 in
Township 32 South, Range 13 East.
This is its northern limit, from here
it projects southeasterly. This deeper
aquifer is the principal aquifer of the
Arroyo Grande Plain. Estimated perme-
ability is 2,300 to 3,000 gallons per
day per square foot.

The aquifers in the Los Berros Creek
area are imdifferentiated.

Upper Pleistocene Formations . The

only terrace deposits that outcrop

in the study area are marine formed,

(Plate l) . Thickness ranged from to

50 feet.

Whenever they rest on consolidated
rock, the terrace deposits yield small
quantities of water to wells. Other-
wise, they mainly serve to transmit
water to the imderlying sediments or
directly to the ocean whenever there
is free drainage.

The older dune sands are found in three
localities within the area of investi-
gation (Plate 1 and Section B-B

'

,

Plate 2A).

The characteristics of the older dune
sands are similar to those of the
younger dune sands. There are some
local semiperched or perched water
zones in these sands.

-12-



The Orcutt Sand is a slightly deformed
terrace deposit (Plate 1), It lies un-
conformably on the Paso Robles Forma-
tion or locally upon older rocks. The
thickness ranges from to approxi-
mately 200 feet within the study area.

The Orcutt Sand is mainly of fluvial
origin; however^ in the coastal area it
may be, in part, of marine origin.
Within the study area, it is not con-
sidered a major water producer. How-
ever, it serves to transmit water to
underlying formations.

Lower Pleistocene Fonnations . The Paso
Robles Formation makes up the lower
Pleistocene deposits within the study
area. It lies unconformably upon the
Careaga Sand or older rocks. The for-
mation may be described as consisting
of locally lenticular beds or lenses;
no one rock type occurs throughout.
The thickness varies considerably
within the study area (Sections C-C
and D-D', Plate 2B) . The formation is
considered at least partially of marine
origin. Permeability ranges from 500
to 1,700 gallons per day per square
foot, based on pumping test analyses.

In the Santa Maria Plain are five
zones (A-E). The upper ones are sepa-
rated by clays. The lower zones are
separated from the upper zones by a
rather thick clay layer that is contin-
uous along the coast, but may not
extend inland (Sections C-C and D-D',
Plate 2B).

In the area around Arroyo Grande Plain
and Tri-Cities Mesa, the Paso Robles
Formation retains the zones. Here,
however, the aquifers begin to merge,
become thinner, and finally some of
them disappear (Sections A-A' and B-B'

,

Plate 2A).

The upper zones are tapped by large
municipal, industrial, and irrigation
wells along with many domestic wells.
Well number 32S/3E-29E2 has a maximum
flow of 2,500 gallons per minute with
a specific capacity of 89 (gallons per

minute per foot of drawdown). The

estimated permeability for this well
is 1,500 gallons per day per square
foot.

The lower zones are considered part of
this major aquifer system except along
the flanks of the basin. They are con-
fined, have a moderate to high perme-
ability, and are tapped by a few deep
industrial and irrigation wells. These
wells are multiperforated within the
zones of the Paso Robles Formation,
along with the Careaga Sand. Flows
through well number 11N/35-7R1 range
as high as 1,500 gallons per minute
m.th a specific capacity of 26 (gallons
per minute per foot of drawdown).

Older Water-Bearing Series

The upper Pliocene Careaga Sand and
lower to upper Pliocene Pismo Formation
are predominately of marine origin.

The thickness of the Careaga Sand varies
within the Pismo-Guadalupe area. Maxi-
mum thickness is approximately 7U0 feet
(Section D-D', Plate 2B). In general,
the thickness increases from south to
north and west to east in the Santa
Maria Plain (Sections C-C and D-D',
Plate 2B). North of Pismo Dunes and
Nipomo Mesa, the thickness decreases
to the north and east as the sand ap-
proaches the San Luis Hills (Sections
A-A' and B-B', Plate 2A).

Since no wells are perforated exclu-
sively in the Careaga Sand, no defini-
tive information is available as to

formation permeability or well yield.
However, based on the Department's
exploratory drilling, these aquifers
might be a potentially important
water supply.

The sandstone members of the Pismo
Formation are the only units that are
considered within this report. The
thickness of the sandstone ranges from
about 70 feet to about 600 feet.
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Because of its large areal extent and

moderate permeabilities, this formation

could be a good future source of water.

Nonwater-Bearing Series

The consolidated, essentially non-
water-bearing series is made up of

igneous, sedimentary, and metamorphic

rocks that range in age from Jurassic

to upper Pliocene o R)r this report,

they are categorized into five groups:

the undifferentiated Pliocene sedi-

ments, the undifferentiated Miocene
sediments, the Miocene volcanics, the

Knoxvllle Formation, and the

Franciscan Formation (Plate 1) . These
rocks underlie and flank the water-
bearing deposits within the study area.,

In general, this series of rocks yield

small quantities of fresh water from

fractures and joints at shallow depths

in the hill and moimtainous areas. How-

ever, with depth, the water becomes

brackish to saline. In high rainfall

areas, such as the Casmalia Hills,

springs are common during the winter.

Geologic Structure

The formation of the Santa Maria

Valley area has been influenced by

activity in the California Coast

Ranges and Transverse Ranges, As a

result, the major geologic structure
which underlies and forms the valley
itself is an asymnetric syncline which
is bordered by the Casmalia Hills on

the south and the San Luis Hills on the

north. Most geologic structures of the

Pismo Beach-Guadalupe area have a gen-

eral west-northwestward trend, which
is parallel to the trend of the Santa
Maria Basin (Plate l).

Folds

The Santa Maria Valley Syncline is

evident only by subsurface data. The

southern limb has a very steep gradient
as it approaches the Casmalia Hills,
but the northern one has a much more
gradual rise as it approaches the
San Luis Hills (Sections A-A' and C-C,
Plates 2A and 2B).

The entire basin ib limited by this

major syncline and by the bordering

highlands in the north and south.

Faults

The only fault that appears to impede

the movement of ground water in the

study area is that mapped by Hall

(1967). It trends slightly west of

northwest in the San Luis Hills
(Plate 1). Wiere this fault cuts

across the water-bearing members of

the Pismo Formation, it may directly
affect this potential source of ground

water. This structural feature could

either enchance or impede the movement

of ground water; it could also affect

recharge to this portion of the basin.

Between wells 32S/l3E-311a and 32S/13E-

31F2-[|. is a vertical displacement of

almost 100 feet at the base of the

Careaga Sand, with the north side moved

up in relation to the south side.

(Section A-A', Plate 2A) . Subsurface

data show it; there is no surface

evidence of a fault. Displacement

becomes greater with depth.

Along with this, in Section 33, Townshi

12 North, Range 35 West, the water leva

in well -33R1 is deep in relation to th

levels in -33J1 and in others iiranedi-
^

ately to the north. (See Plate 3).

Considerably more evidence will be

needed, however, before the presence
and location of a fault can be estab-
lished and its relation to the move-
ment of the ground water determined.
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CHAPTER TV, HYDROLOGY

Essential to a deterniination of the

extent of sea-water intrusion is a

knowledge of the hydrologic environ-

ment. To gain this knowledge requires

information on where ground water

occurs, where and how recharge and dis-

charge take place, where and in what

direction ground water is moving, and

what fluctuation is taking place in the

level of water in wells within the basin.

Ground Water Occurrence

As has been pointed out earlier, the
Recent alluvium deposits and the Plio-
Pleistocene sediments constitute the
principal ground water reservoir of the
study area. Water contained in the
alluvium and upper portion of the Paso
Robles Formation is extensively devel-
oped for beneficial uses. The few
known wells which tap the Careaga Sand,
four on Mipomo Mesa and one on Tri-
Cities Mesa, also derive water from the
Paso Robles Formation.

Minor bodies of semiperched water are
present locally in coastal alluvial
deposits, in the older dune sands of
Nipomo Mesa and Tri-Cities Mesa, in
coastal terrace deposits north of Pismo
Creek, and in the Recent sands of the
Pismo Dunes. These aquifers supply
small quantities of water to shallow
domestic wells.

Recharge and Discharge

Over portions of the Pismo-Guadalupe
area, particularly the alluvial valleys,
the principal water body is effectively
confined by overlying deposits of clay
and silt. Recharge from the ground

surface in substantial amounts can

occur only beyond these confining
deposits.

As indicated by 196? water level con-

tours shown on Plate 3, replenishment
in the coastal margin is derived
chiefly by underflow from inland
reaches of Pismo, Arroyo Grande, and
Santa Maria Valleys. Limited recharge

of semiperched waters and the upper
part of the principal body takes place
in permeable reaches of the major
stream channels. The principal recharge

on the mesas and San Luis Hills is from
percolation of rainfall and return of

excess irrigation water.

Discharge of ground water from the

principal body is primarily by with-
drawals from wells and offshore
subsurface outflow. Only a very
small amount of the total discharge

may be attributed to evapotranspiration.

Ground Water Movement

Plate 3 shows contours representing the

surface of the principal water body in

the Pismo-Guadalupe area in the fall of

1967. Within the area of confined

water, the contours are drawn on the

pressure surface of the uppermost mem-

ber of the principal water body; else-

where, on the water table. The map

also shows the aquifer (or aquifers)

tapped by the wells for which measure-

ments were obtained. Water levels at

wells in the San Luis Hills were not

measured during the fall of 196?

.

Water level records in this area are

available for the early 19^0' s, and the

more current of the measurements avail-

able are shown on Plate 3.
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Although water levels in wells perfo-
rated in semiperched ground water
bodies were not used in the construction
of the water level contour map, the

water level altitudes in these wells
are also shown in Plate 3 so they can

be compared with the pressure level in

the principal water body.

The shape of the 1967 contours shows

that ground water of the principal

water body moves seaward in a generally

westerly direction. Local sources of

recharge to the principal body are

indicated by contours which show the

southward movement of water down Pismo

Creek, the southwestward movement of

water down Arroyo Grande Creek, and

the northwestward movement of water

down Los Berros Creek.

Since 19U5j heavy withdrawal of ground

water has produced a large cone of

depression in the area north of Oceano.

Although the cone has not been enlarged,

it has been modified primarily by a

change in pumping pattern in the area.

As of the fall of 196?, three smaller
pumping depressions were noted in the
area north of Oceano. The largest of
these was centered in the northwestern
quarter of Section 29, Township 32
South, Range 13 East, where the piezome-
tric surface was 5 feet below sea level.
All three depressions are related to
the heavy withdrawal of ground water
from the principal water body for
municipal purposes. During the same
period, well measurements seaward of
these depressions indicate that water
levels were above sea level and a sea-
ward gradient prevailed in this and
other portions of the study area.

In addition, three relatively shallow
cones of depression were also noted in
the fall of 196? as shown on Plate 3.
These depressions are attributed to
heavy pumping for irrigation of crops
and are centered in the western half
of Section 29, Township 12 North,
Range 35 West, and the south half of
Sections 9 and 20, Township 11 North,

Range 35 West. It should be noted that
during 1966-6? above normal rainfall
and runoff occurred and dewatering
activity was in progress at Lopez Dam.

Water Level Fluctuations

Water level data in the Pismo Hydro

-

logic Subarea are sparse; historic
data are practically nonexistent.
The one exception is well 32S/12E-13R2,
which has infrequent measrurements
from 195U to 1962. The hydrograph
for this well is given in figure k and
its location is shown in Plate 3.

In contrast to the Pismo Subarea, nu-
merous water level data are available
for the Arroyo Grande Subunit. Figure

h gives fluctuations of water levels
in nine selected wells in the northern
part of the subunit; Plate 3 shows
their locations.

These hydrographs and miscellaneous
other measurements for wells pene-
trating the principal waterbody indi-
cate that little decline has occurred.
Although the overall water trend in
the northern part of the Arroyo Grande
Subunit is one of stability, a marked
seasonal decline occurs during the
spring, summer, and autumn when pump-
ing is heavy, followed by a rise in
the winter when pumping is reduced.

The hydrograph of well 11N/35W-7R1,
which is in the southern part of the
Arroyo Grande Subunit, shows an averagr
water level decline of nearly 2 feet
per year (Figure U). Its location is

shown on Plate 3.

The overall water level trend in the

Santa Maria Hydrologic Subunit is one c

steady decline. Long-term hydrographs-

for six wells are shown in Figure 5
and their locations on Plate 3. These

hydrographs and other measurements for

wells penetrating the principal water
body show that the rate and total

amount of decline depend largely on th(

geographic location of the well in
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Figure 5. HYDROGRAPHS OF WATER LEVEL IN WELLS
SANTA MARIA HYDROLOGIC SUBUNIT

DEPARTMENT OF WATER RESOURCES. SOUTHERN DISTRICT. 1969
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relation to the concentrated area of

pumping in the eastern part of the

study area.

Itydrographs for 1^63-67 , as shown in
Figure 6, illustrate the head relation-
ship between semiperched and confined
ground waters at inland and coastal
wells of the Santa Maria Hydrologic
Subunit

.

The following are considered signifi-
cant:

1. Piezoinetric head at inland con-
fined aquifers are considerably
depressed due to heavy pumping for
irrigation: The head of confined
ground waters ranges from 8 feet
above semiperched water table at

coastal wells to I4.O feet below the
semiperched water table in inland
wells

.

2. Inland ground waters, both semi-
perched and confined, show larger
fluctuations between summer and
winter than do the coastal aquifers,
as the result of heavy summer pumping.

3. Relative decline of confined
ground waters for the period 1963-6?
is considerably greater at inland wells
than at coastal wells.

k. From 1963 to 196?, fluctuations of
the semiperched water table at all
wells remained essentially stable
because pumping was minor.



5. Except for local landward move-

ment of ground water toward pimping

depressions, the general movement in

the Santa Maria Hydrologic Subunit is

seaward.

Monthly fluctuations of water levels of

32 DWR-constructed piezometers at eight

coastal sites (sites POO-1 through 5,

OFO-1, GO-1 and 2) are shown in Figure

7 for May 196? to August 1968. Con-

struction data for these observation

wells are given in Table 1.

The hydrographs show that the seasonal
rise and fall of water levels closely

parallel the fluctuations of water
at wells previously discussed (Figures

h, 5, and 6). However, these coastal
piezometers, being somewhat farther
from areas of concentrated pumping,
show smaller annual fluctuations.

In addition, water levels at piezometers

which penetrate the lower portions of

the principal water body (i.e., the

Careaga Sand and lower Paso Robles
Formation) generally exhibit higher
head. This head relationship is prob-

ably due to the fact that the upper
portion of the principal water body is

more heavily drawn upon.

TABLE 1

OBSERVATION WELLS AMD PIEZOMETERS
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CHAPTER V, WATER QUALITY

This chapter reports on the findings
of the study that was made into the
quality of surface and ground waters.
The findings are reported by hydrologic
subunits.

In the analyses, emphasis was put upon
chloride content because it is gener-
ally considered the indicator of sea-
water intrusion. However, the waters
were also analyzed for total dissolved
solids (TDS), total hardness, sulfate,
and nitrate. Criteria for classifying
the waters for domestic and municipal
uses and for agricultural uses are
given in Appendix C

.

The Pismo-Guadalupe area has a relative
abundance of small perennial streams
and marshes, lakes and lagoons. The
standing bodies are due principally to
the damming effects of a coastal dune
ridge. The waters are tapped locally
for minor domestic, stock, and agricul-
tural uses and have limited potential
for future development.

As has been pointed out earlier,
ground water is supplied primarily
from a principal reservoir and, to a
lesser amount, from a number of semi-
perched water bodies.

The variation in quality of the dif-
ferent ground waters results princi-
pally from the differences in their
modes of recharge, the quality of the
recharge water, and the chemical com-
position of the geologic environment,
and from their susceptibility to deg-
radation from evapotranspiration, re-
sidual salt deposits, return irrigation
water, sewage, and downward percolation
of sea water entering tidal channels at
times of extremely high tides.

Pismo Hydrologic Subarea

Very little of the Pismo Subarea is in
the study area; it occupies the north-
ernmost part of the area.

Surface Water

Surface waters include perennial flow
and storm runoff in Pismo Creek and
mixed stream and tidal water in a
coastal lagoon. Selected water qual-
ity data are listed in Table 2.

Electrical conductivity (EC) and
chloride measurements for water in the
lagoon are listed in Table 3.

Under historic conditions, ground
water levels are generally higher than
the lagoon surface, preventing signif-
icant recharge from that source.

GroTind Water

Comparative chemical data for the
several ground water bodies are listed
in Table U.

Pronounced changes in quality are asso-
ciated with water flowing through the
Recent alluvium, progressing down-
stream from a canyon to a former tidal
flat environment. Graphic comparison
of these differences and trends is
shown by the Stiff diagrams plotted in
Figure 8.

The pattern of each diagram reflects
the equivalent parts per million (epm)
concentration of the major cations

(increasing left from O) and the major
anions (increasing right from O).
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Source

TABLE 2

CHEMICAl QUALITY OF PISMO CREEK AND LAGOON
1961 - 1967

Location Flow Chemical
character

"TBS '. Total :

: hardness:
CI sn:

In parts per million

w.

Pismo SPRR and Perennial MgCaHC03 770-920 ^30-610 90-lUO 130-1^0 3-11
Creek Hwy 101

bridges Storm MgCaHC03 200-260 120-130 30 20-iiO 1-1;

runoff
Lagoon Cypress^St. Tidal NaCl 1;310 l,l80 1,960 380 3

bridge lagoon

•x-Southem Pacific Railroad.
SHtOne mile inland from ocean.

Location

Beach

Cypress St.

Lagoon head

TABLE 3

ELECTRICAL CONDUCTIVITY AND CHLORIDE TRAVERSE
OF PISMO CREEK LAGOON

October I967

Distance from ocean : E C in micromhos/cm :

in feet :
•

Uoo

1,300

2,000

8,000

7,160

3,200

—cl

—

in ppm

2,190

1,960

760

TABLE 1+

CHEMICAL QUALITY OF GROUND WATERS
PISMO HYDROLOGIC SUBAREA

1961 - 1967

Water-bearing
format i on

Chemical
character

TDS
Total
hardness

Cl soil

In parts per million

NO'

Recent alluvium
upper zone



QqI

UPPER ZONE

32S/I2E-I2R

DEPTH 30

32S/I2E-I3J3-

DBPTH 40

Qt
32S/I2E-I3PI ••

1035

DEPTH 46

WATER-BEARING FORMATION

Qal

LOWER ZONE

32S/I2E-I2R3-

32S/I2E-I3JI

DEPTH 102

PERFORATED 60-75'

32S/I2E-I3J2'

DEPTH 83

32S/I2E-I3RI

DEPTH 85

32S/I2E-24BI

Qpr

32S/I2E-2482-'

OEPTH 70
PERFORATED 48-65'

EPM SCALE
CATION ANION

Tpc

32S/I2E-24B3.

DEPTH 175 DEPTH 445
PERFORATED 120-145' PERFORATED 270-435'

I
—'—I—I—I—'—I—'—

r

30 20 10 10
T"
20 30

NOTE:

TOTAL DISSOLVED SOLIDS IN PPM SHOWN INSIDE STIFF DIAGRAMS.

SAMPLE COLLECTED JUNE - JULY 1964.

SAMPLE COLLECTED SEPTEMBER- OCTOBER 1967.

WELLS LISTED VERTICALLY IN DOWNSTREAM ORDER; LOCATION SHOWN ON PLATE 4.

WELLS LISTED ACROSS ARE ADJACENT OR EQUIDISTANT FROM THE OCEAN.

SEE FIGURE 3 FOR AQUIFER IDENTIFICATION.

"igure 8. STIFF DIAGRAMS OF GROUND WATERS-PISMO HYDROLOGIC SUBAREA

OEMRTMENT OF WATER RESOURCES, SOUTHERN DISTRICT, 1969
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Chemical character is given by shape,
and TDS (shown inside each diagram) is
indicated by size.

The upstream water in the lower zone of
the alluvium is similar chemically to
that in flanking sandstone of the Pismo
Formation.

Downstream from Section 12, Township 32
South, Range 12 East, ground water of
the lower zone gains in dissolved mineral
matter, particularly sodium and chlo-
ride. A dark gray color, hydrogen
sulfide odor, and stable sulfate (con-
trasting with increasing TDS) indicate
the activity of sulfate-reducing bac-
teria common to tidal flat environment.

The comparatively high chloride in the
terrace deposits will be discussed in
the next chapter.

Chemical data for ground water in the
Paso Robles Formation is available only
for piezometer POO-IB (well 32S/12E-
2i;B2), April 1965 to September 1967.
Chloride decreased during January 1966
to September 196?. Minor chemical
changes and reducing chloride are un-
related to piezometric fluctuations and
probably reflect latent flushing of
drilling mud filtrate.

Chemical analyses of ground water in
the Careaga Sand are limited to piezo-
meter POO-IA (well 32S/12E-2UB3). De-
creases in TDS and chloride since April
1965 are probably due to gradual flush-
ing of drilling mud filtrate.

As shown in geologic section A-A' on
Plate 2A, a wedge of salt water rising
in elevation from south to north
(toward an outcrop on the ocean floor)
is present in the basal Careaga Sand.
This formation has an undersea outcrop
west of the northern end of the section.
Although this salty water is inter-
cepted by the bottom 20-foot perforated
section of the piezometer, this water
is clearly not being withdrawn during
saJT^ling. The 2 -inch piezometer yields

artesian flow up to l5 gallons per
minute, principally from overlying,
more permeable, fresh water beds.

Approximate values for TDS and chloride
in the salt water zone can be determined
from electric logs and empirical rela-
tionships between EC, TDS, and chloride
of local waters. Concentrations are
as follows

:

Site
Depth

in feet
TDS

in ppm
CI

in ppm

POO-1

POO-2



TABLE 5

CHIKECAL QUALITY OF ARBOYO GRAMDE,
LOS BEREOS, AMD MEADOW CREEKS

Creek



TABLE 6

CHEMICAL QUALITY OF IRRIGATION RETURN
WATER AND SAND DUNE LAKES

1961-1967

Source Location Chemical
character

TDS
: Total :

: hardness:
CI ; SOli ;

NO3

In parts per million

Irrigation ditch
s/o Arroyo
Grande Creek

Irrigation ditch

Celery Lake

Big Twin Lake

White Lake

Mud Lake

Black Lake

Black Lake
Canyon Slough

0.7 mile
from ocean

CaMgSOi^ 1920 1210 180 690 88

12N/35W-31K CaMgHC03S0^

North shore CaMgSOi

East shore NaMgHC03

North shore NaClSO^

South shore MgNaSO^Cl

South shore NaCl

South shore NaCl

Hwy 1 NaCl

1380



TABLE 7
CHEMICAL QUALITY OF GROUND WATERS
Arroyo Grande Hydrologic Subunit

1961-1967

Water-bearing
formation

Chemical
character

Total
TDS •

, r • CI ' SO), • NOo
: hardness : : 4 : 3

In parts per million

Recent alluvium
Arroyo Grande Creek

Upper zone CaMgS0l^HC03) 9UO-I6OO 590-1110 60-270 29O-6UO 2-ll;3

MgCaHC03S0lj^)

(coastal)
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liquid fertilizer from a pressure tank

to the well discharge near the pump is

coinmonly practiced. Occasionally when
the pump is shut off, liquid fertil-

izer is allowed to enter the well
casing.

Water underlying Los Berros Creek
gains in dissolved mineral matter and

changes in chemical character as it

passes downstream through a narrows
cut in Franciscan and Tertiary rocks.

Chemical analyses of ground water in
fine-grained alluvium of Meadow Creek
south of the Pismo Hydrologic Subarea
are unavailable. However, ground water
in the Pismo Hydrologic Subarea and
surface water of Pismo Lake, Meadow
Creek and La Sage Lake are similar.
Data for the surface waters and de-
graded ground water of the underlying
Paso Robles Formation indicate that the

shallow Recent deposits contain sodium
chloride or sodium- calcium chloride
ground water. TDS and chloride prob-
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ably exceed 1,700 and 600 ppm,
respectively.

Isolated bodies of semiperched ground
water occur in shallow Paso Robles
Formation beds beneath Tri- Cities Mesa
where the A zone is capped by silt and
clay. Recharge consists of vertical
percolation of rainfall and, in de-
veloped areas, return irrigation water
and sewage. Accordingly, the chemical
quality is diverse. As shown in
Figure 10, ion concentrations in such
areas drop abruptly with increased re-
charge from rainfall (well 32S/13E-32A1
in sprjjig of 1958 and well 32S/13E-32H1
in fall of 1961) and rise as percolated
rainwater is dissipated or replaced by
return irrigation water.

In the western area, A zone water that
is calcium-magnesium bicarbonate in
character (subject to sodium-chloride
degradation) extends south from a
northern recharge area to beyond site
POO-2. From site POO-3 south and east,
the water is calcium-magnesium bicar-
bonate-sulfate in character, grading
to a magnesium-calcium bicarbonate
type in the southwest comer of
Section 32, Township 32 South, Range
3 East, Recharge is partially under-
flow west and north from Arroyo Grande
alluvium, but the lower mineral con-
tent and high nitrate burden of A zone
water indicate a substantial amount of
vertical recharge from rainfall and
return irrigation water.

Nitrate commonly ranges from I|.5 to 17^
ppm east of Highway 1 to approximately
the middle of Section 29, Township 32
South, Range 13 East (where the A zone
grades to fine-grained sediments).
Concentrations decrease progressively
south to Sections 31 and 32 and prob-
ably are less than 30 ppm beneath
Arroyo Grande Plain.

Recharge of B zone water is primarily
underflow from the north and east,
with a change in the character of the
water from sodium to calcium-magnesiTim.
The predominance of calcium and magne-

sium' over sodium is mainly due to so-

lution of existing evaporite minerals:
calcite (CaC03), gypsum (CaSOr , 2H2O),
and magnesium sulfate. This is sup-
ported by the increase of sulfate and
bicarbonate ions in the same water.
At the coast, chemical character

changes and dissolved minerals in-
crease from north to south, reaching
peak levels at POO-^. This coincides
with and probably results from a

coarse to fine-grained facies change
of the aquifer.

The water that underlies Tri-Cities
Mesa (Section 19) north of the pumping
depression is low in dissolved minerals
and chemically sijnilar to overlying
zone A water recharged by percolation
of rainfall and return applied water.

Based on water quality monitoring at
wells 32S/13E-28E1, -29G1, and -29G2,
chemical quality of B zone water in
the pumping depression has been essen-
tially stable since 19^0, This area
is geologically most susceptible to
vertical degradation. However, nitrate
has increased at each well from initial
values of less than l5 ppm to Uh ppm.
This and the transient change in anion
character from bicarbonate to
bicarbonate-sulfate at wells -29G1 and
-29G2 indicate recharge from overlying
A zone water.

The abrupt drop in TDS (about 1,1^0
ppm) between B zone well -28E1 and
lower alluvial well -27D3, the dif-
ferent chemical character of B zone
and alluvial waters, and the steepen-
ing of the hydraulic gradient between
the aquifers all substantiate the con-
clusion that underflow west from
Arroyo Grande alluvium to the municipal
pumping depression is constricted by
a coarse to fine-grained facies change
of the Paso Robles Formation.

Ground water in the eastern area of
the Paso Robles Formation underlying
Nipomo Mesa and the eastern fringe of
Arroyo Grande Plain is fairly uniform
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in chemical quality areally, as may
be seen in Figure 11.

Only at well 12N/3^-29Rl does
nitrate increase to 50 ppm.

Unconfined water (A and B zones) under-
lying Nipomo Mesa is recharged prin-
cipally by percolation of rainfall.
Where recharge is in part by percolat-
ing sewage or agricultural waste water,
the anion character is changed from
chloride alone to nitrate-chloride.

Judging from the limited historic re-
charge of return applied water and
longterm monitoring of one Nipomo
Mesa well (llN/3^-9Pl) since October

1953 J the quality of this water has
remained essentially stable. However,

WATER-BEARING FORMATION

QSO

SEMIPERCHED

l2N/35W-2eLI
Co

Mg

No

K
-234

HCO3+CO3

SO4
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Figure 1 1- STIFF DIAGRAMS OF GROUND WATERS- NIPOMO MESA
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it is readily subject to degradation
from percolating waste waters.

The change from sand to clay in the

Paso Robles Formation causes perching

of percolating waters at the north limit

of Nipomo Mesa. This semiperched water

is tapped by wells 32S/13E-3UQ1 and

12N/35W-28L1, and at both is degraded

by return applied water. The wells

are peripheral to an irrigated field.

In addition to being near an irrigated

field well 32S/13E-3UQ1, which yields

the highest nitrate-laden water of

the study area is near a cesspool.

Available data on confined ground
water (C, D, and E zones) underlyixig

Nipomo Mesa indicate that the anion
character grades from bicarbonate to

sulfate. The bicarbonate water appears

to: (l) overlie the sulfate water,

(2) be limited to the C zone, and (3)
mrx locally with chloride water (wells

12M/3^-32Fl and -33B2) or be replaced
by it (well -32N1) where the confining
layer is discontinuous and vertical
recharge is significant. A- lateral
bicarbonate to sulfate transition with
a corresponding increase in TDS, total
hardness, and sulfate is evident from
south and west (downdip) toward wells

llN/3^-7Al,-7Rl, and -17D1.

The chloride and nitrate increase
slightly where confined and unconfined
water mix naturally or artificially as
a result of flow between perforations
in wells taking both zones. The
sulfate water is extracted from deeper
wells (including several partially
perforated in the Careaga Sand).

The quality of the confined waters has
remained stable and, except where the
confining cap is broken, it is not
subject to degradation from percolat-
ing wastes. Data for one well
llN/3^-7Al, show no appreciable chem-
ical changes between October 1953 and
July 1967.

From POO-1 (in Pismo Hydrologic Subarea)
south to POO-3, water in the upper

Careaga Sand is calcium-magnesium
bicarbonate in chemical character. The
native chloride concentration is
probably 30 to 50 ppm. Higher initial
values at each site, ranging to 70 ppm
and decreasing with time, are attribut-
ed to gradual flushing of drilling mud
filtrate. Total hardness decreases
from north to south and sulfate in-
creases from north to south.

At POO-5, chemical character is altered
to calcium-magnesium sulfate, the
standard type of the Santa Maria Hydro-
logic Subunit. Chemical differences
and the higher pie zometrie level at
POO-5 indicate poorer quality water at
the site is flowing west from Nipomo
Mesa.

As noted previously, in the bottom of
the formation is a wedge of salty water.]
It pinches out between POO-2 and POO-3.
Its inland boundary is undeterminable,
but probably does not extend past

Highway 1. Beyond the salt water wedge,

electric logs indicate the basal

Careaga contains poor quality water or

is fine grained.
^

At present, the salt water wedge is

essentially stable or in equilibrium

with long-term average recharge and

upward and offshore discharge. If this

native state is upset by pumping, the

salty water can be expected to move

upward, south, and inland toward ex-

traction centers. This, however, does

not preclude the use of Careaga water

because the rate of advance would be

slight, (assuming the aquifer is not

overdeveloped) and it could be regu-

lated by controlled pumping. Limited

development and regulated pumping are

both feasible because increased design,

construction, and drilling costs will

be required for Careaga wells.

In the Pismo Formation and shallow
alluvium of minor stream beds of the
San Luis Hills (Between Pismo and
Arroyo Grande Creeks), there is a
natural mineral gain and a sodiiim
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chloride to sodium bicarbonate change
between wells drilled less than 200
feet and oil wells that are 900 to

1,000 feet deep.

Santa Maria Hydrologic Subiinit

The Santa Maria Subunit takes in the

southern half of the study area.

Surface Water

Surface waters in the coastal Santa
Maria Plain include perennial flow and
storm runoff of the Santa Maria River
and two small creeks, shallow peren-
nial lakes and marshes, and return
irrigation water in drainage ditches.

Table 8 compares the quality of those

surface waters that have been analyzed

for chemical constitutents.

TABLE 8

CHEMICAL QUALITY OF SURFACE WATERS IN THE
SANTA MARIA BASIN

1961 - 1967

The Santa Maria River, from near its
origin at the confluence of the Sisquoc
and Cuyama Rivers (east of the study
area) to within 3 miles of the ocean,
sustains siirface flow only during win-
ter storms. Most of the tributary
flow is regulated by impoundment and
controlled release at Twitchell Dam,
constructed on the Cuyama River in
19^8. Hence, present storm flow is
supplied principally by the Sisquoc
River. Perennial flow occurs in a
3 -mile stretch between the Guadalupe
Sewage Treatment Plant and the ocean
and is supplied by an undetermined
blend of primary treated sewage
effluent and semiperched water.

Runoff reaching the study area varies
in quality with the rate of flow. The
greater the flow rate the better the
quality. At low flow, water in the
river is equivalent to or better in

Source
and

location

Flow Chemical
character

"TDS" : Total
:hardness

CI SOU

In parts per million

Santa Maria River
Highway 1 bridge

Effluent from
Guadalupe Plant
to Santa Maria
River

Storm runoff CaMgHC03 2^0 I60 10

Slight runoff CaMgSO^ 1,600 930 90

.035 MGD Ca(NaMg)S0|^ 2020- lOliO- 2l;0-

average 2320 1170 320

680

850-

900

NO.

5-9

Green Canyon
Creek
Highway 1 bridge

Oso Flaco Lake

Little Oso
Flaco Lake

Storm runoff NaMgCaSOi^Cl 720 250 120

Ca(NaMg)S0K 1100- 63O- 100-

lliSO 930 130

Ca(NaMg)SOi; 1120 620 80

210

U30-
670

lao

0-11
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quality than the semiperched ground

water.

Oso Flaco Lake, Little Oso Flaco Lake,

and the perennial flow of Oso Flaco
Creek are sustained by seepage of

semiperched groimd water from Recent
alluvium.

Ground Water

Confined ground water in the aquifers
in the Santa Maria Hydrologic Subunit,
beneath the valley floor, differs be-
tween aquifers in mineral concentra-
tion. Underflow from the inland basin
is the main source of recharge.

Figure 12 illustrates the vertical,

seaward, and lateral changes in chem-

ical quality of water held in different
aquifers at three sites. Seaward de-
creases in mineral concentration
(above the C zone) are compared left
to right by data for inland site
10N/3^-9N and seaward sites 11N/36W-
35J and 10N/36W-2Q. Lateral decreases
in mineral concentration approaching

Orcutt Mesa are compared left to right
by data for coastal sites 11N/36W-35J
and 10N/36W-2Q. Vertical improvement
in chemical quality of confined ground
waters is evident at each site, but
only the data for 10N/36W-2Q show the
natural mineral gain in the lower Paso
Robles Formation.

The range of concentration of selected
chemical constituents for each aquifer
or formation is given in Table 9.

TABLE 9

CHEMICAL QUALITY OF GROUND WATERS
SANTA MARIA HYDROLOGIC SUBUNIT

1961 - 1967

Total
hardness

Water-bearing
formation

Chemical
character

TDS CI SOi NO-

Leap i '

In parts per million

Recent alluvium

Upper member NaHCOo

CaMgSOi^
and mixtures

380-6, 8IiO 190-2,9^0 60-U50 100-3,710 0-l6

-^
Lower member' CajyigSOK 900-2,710 530-l,ii60 ^0-180 3UO-l,380 i;-87

Orcutt Formation CaMgNaS0|^HC03 6^0-900 350-5oU

CaNaMgSO^Cl

CaMgS0^ClHC03

UO-290 2l;0-320 0-l6

Paso Robles
Formation'^^ CaMgSOi^

CaMgNaS0i^HC03

510-1,090 170-600 20-60 190-580 1-13

•^Mncludes mixed water from A zone of Paso Robles Formation.
-sHtData for degraded water of A zone unavailable.
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Of the semiperched water in Recent
dune sands and upper alluvium, the

best occurs in predominantly sandy de-

posits near Nipomo Mesa and beneath
the coastal dunes where rechai^e is

primarily from rainfall and where deg-
radation from return irrigation is

negligible. This water contains 38O
to 7^0 ppm TDS. Chlorides range from
60 to IhO ppm, with local increases
to 290 ppm near the coast (piezometer
10N/36W-2G2) . Sulfate is less than
300 ppm and nitrate, I6 ppm.

At USGS multiple piezometer installa-
tions 10N/3^-6A1-3 and 10N/36W-12K2-3
and DWR site OFO-1, salinity decreases
with depth in upper alluvial deposits.
At USGS multiple piezometer site

10N/35W-9N3 ajid -9Nli, the reverse is

true.

In the lower member of the Recent
alluvium, ground water of near native
quality at the coast contains 900 to

1,190 ppm TDS and $0 to 80 ppm chloride.
Nitrate is less than l5 ppm. Total
hardness is 530 to 67O ppm and sulfate
is 3U0 to 530 ppm. Although now be-
neath nonirrigable sand dunes, this
and offshore water (probably of better
quality) would flow landward if the
present seaward hydraulic gradient
should be reversed.

Chemical analyses inland of the coast
do not give a true measure of water
quality in the lower member. Virtually
all wells sampled for complete analyses
are also perforated in either the A
zone of the Paso Robles Formation or,
at the south limit of the valley floor,
in the Orcutt Formation.

Current data for wells yielding mixed
water give a TDS range of l,2l40 to

2,710 ppm and a chloride range of 80
to 180 ppm.

TDS increases from west to east and
generally from north to south, reach-

ing peak levels at well 10N/3^-16M1.
Nitrate is commonly below 2$ ppm, but

at well 10N/3^-21C1 (depth and per-

forations unknown) has ranged between
35 and 87 ppm. Total hardness is 6^0
to l,ii60 ppm and sulfate is U80 to

1,380 ppm.

Ground water in the Orcutt Formation,
south of the Santa Maria Plain, varies
in chemical character, but is fairly
uniform in concentration of dissolved
minerals.

Monitoring for chloride at a well
just east of the study area indicates
that upstream waste discharge of
sewage, return irrigation water, or
sugar refining waste water is causing
degradation downstreamo Chloride
increased from 85 ppm in June 19^4-8 to

287 ppm in June 1965. Conversely,
chloride decreases of 109 ppm during
JShh-h^ and 102 ppm during 1965-67
were likely caused by increased re-
charge from higher rainfall. These
changing chloride concentrations indi-
cate that the Orcutt Formation over a

broad area transmits seepage readily,
although lenticular silt and clay
strata may inhibit recharge locally.

Confined ground water in the Paso
Robles Formation is relatively uniform
in chemical quality although vertical
and lateral changes take place. Among
the four aquifers designated from top
to bottom the B to E zones, TDS at
coastal piezometers increases downward
100 to 300 ppm. Progressing northeast
toward Nipomo Mesa, concentrations
decrease by 300 to 500 ppm. Recharge
from Orcutt Mesa is indicated by a

300 ppm north to south decrease in TDS
between piezometer sites GO-1 and GO-2.

Historic increases of l50 ppm TDS at
inland well 10N/35W-9N2 (B zone) since
1957 are attributed to slight degrada-
tion from recycling processes and sea-
ward encroachment of affected water.

Stable mineral concentrations at wells

11N/35W-18M1 (A zone), -19E2 (A-D

zones), and -28L1 (B zone) since 1953

indicate the z.one of influence, except
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in the A zone, is essentially east of

Highway 1. Degraded ground water in

the A zone, underlying the lower

member of the Recent alluvium, may
extend to the coast, but the degree of

degradation cannot be determined from
existing data. Because of this uncer-
tainty, those seeking the best avail-
able water should perforate aquifers

below a depth of 300 feet.

Chemical analyses of confined ground
water in the Careaga Sand are unavail-

able. Judging from both comparative

data for Paso Robles and Careaga
aquifers tapped by piezometers (POO)

to the north and the natural gain
downward in mineral content within
the Paso Robles Formation, Careaga
water should be slightly higher in

TDS but similar chemically to that in
the Paso Robles E zone.

However, the Careaga Sand is composed

largely of quartz sand, rather than

reworked Monterey shale, and is there-

fore less soluble. This would tend

to decrease TDS. On the other hand,

greater calcareous cementation of the

Careaga Sand may cause a gain in hard-

ness and bicarbonate. Sulfate reduc-

tion present in the Pismo Formation

(San Luis Hills) may persist south in
the Careaga Sand; this would bring a

loss in that ion, but a proportionate
increase in bicarbonate and possibly
an HpS odor. The large reservoir of

untapped water in the Careaga Sand
merits development, either by itself
or in conjunction with overlying zones.
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CHAPTER VI o SOURCES OF SALT WATER DEGRADATION

As was pointed out earlier, this inves-
tigation was undertaken when an abnormal
increase in chloride concentrations was
detected in shallow coastal aquifers
between the City of Pismo Beach and
Arroyo Grande Creek (Plate J4). In-
creasing chloride is often a sign of
sea-water intrusion.

The study revealed that, although a

small amount of sea-water intrusion is
taking place in two of the little used
aquifers in the northern part of the
study area, the chloride in the aqui-
fers south of Pismo Beach comes from
other sources.

Accordingly, the study was directed to

determining what these other sources
might be and what the possibility is

for sea-water intrusion in the future.

Experience has shown that sea-water in-
trusion occurs only when the hydraulic
head of the fresh water in an aquifer
is less than the hydraizlic head of salt
water. Once this condition is estab-
lished, landward flow prevails. Salt
water advances inland as a wedge-shaped
body along the bottom of an aquifer;
normally seaward flow of fresh water
continues above the salt water wedge.
Accordingly, the salinity of ground
water increases downward within an
intruded aquifer.

Seasonal fluctuations in fresh water
levels affect the advance of the wedge
and the salinity of water extracted
from wells. Rising water levels
(winter and spring) retard or repulse
the wedge. Falling water levels
(summer and fall) accelerate onshore
flow of salt water. Accordingly,
pumped water (generally a blend of
fresh and salt water) gains in salinity
with declining water levels and reduces
in salinity with rising levels.

In the study area, available compara-

tive data show that chlorides increase

upward within or between aquifers;

this indicates a surface source.

Further, there is no correlation be-
tween maximum chlorides and minimum
water levels. In aquifers having the

highest chloride content, the water
surface elevation is above the minimal
level required for sea-water intrusion.

Conversely, chlorides are within the

native range in deeper aquifers hydrau-

lically subject to intrusion.

Finally, associated changes in other
chemical constituents and the spring
peaking in chloride are not indicative
of sea-water degradation.

Encroachment of the salt water wedge is
identified by a rapid and pronounced
gain in chloride, normally a lesser
gain in sulfate, a negligible gain in
bicarbonate, and no gain in nitrate.
(Relative increases in the cations are
influenced by base exchange.)

In light of these facts, the causes for
abnormal concentrations and local
increases in chloride were analyzed for
each affected aquifer. Description is
given by descending stratigraphic order
which corresponds with decreasing
chloride degradation.
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Recent Alluvium—Pismo Creek

Prior to construction of piezometers

at well 32S/12E-2UB1 (POO-l) in April

196^, the downstream sodium-chloride

gain (to well 32S/12E-13R1) in ground

water of Recent alluvium was assumed to

be caused by sea-water intrusion

(Figure 8) . Proximity to the San Luis

Hills also suggested recharge from sa-

line connates.

These assumptions are unsupported by
hydrogeochemical data—both historic

and those recently acquired. Historic

water levels and chloride concentra-

tions for suspected wells and piezom-
eter 32S/12E-2liBl are compared in
Figure 13. The data show that an
essentially stable, positive water
level has persisted since 19$h; there-
fore, a seaward hydraulic gradient has
been sustained in the lower alluvial
zone. Water levels have not been low
enough to permit sea-water intrusion.
Chloride concentrations decrease be-
tween well 32S/12E-13R1 and the piezom-
eter, located seaward of the well. This
basic evidence clearly precludes sea-
water intrusion, pointing instead to a
landward source.

If upward movement of saline connates
or salty water present in the basal
Careaga Sand were taking place, the
lower alluvial zone would contain
higher chloride water. Also these
sources would cause an upstream
chloride gain toward Price Canyon
where Recent alluvium lies directly
upon Pliocene beds. Neither of these
conditions is met; at well -13R1
(which yields the high chloride water),
the lower alluvial zone is underlain by
fresh water-bearing deposits. Further-
more, ground waters extracted from
900- to 1,100-foot depths by oil wells
upstream in Price Canyon are low in
chloride. Chloride concentrations in
three waste discharges (Signal Main,
Signal Rock, and Hyla sumps) were
less than 1^0 ppm in October 196?

.

Therefore, the water was analyzed for
trace elements in an effort to deter-
mine its source. Application of trace
elements for determining the source of

chloride is illustrated by the data of ,

Bradford at University of California, i

Riverside, plotted in Figure lU. The
significant feature is the seaward
trend in concentration of the most
abundant elements in chloride-degraded
ground water relative to the concentra-
tion of those elements in sea water.
Downstream trace element trends are
reversed or inconsistent with those
which would develop from intrusion,
particularly: (l) the seaward decrease
in boron, strontium and probably barium;
(2) the seaward increase in manganese;
and (3) the lack of seaward dilution in '

molybdenum. Similar trends for molybde-i
num and manganese are given by USGS
data, which also show no seaward gain

in aluminujn. These conditions substan- 1

tiate that sea water is not the source i

of chloride.
j

From a study of trace element concen-
trations in surface and ground waters
of California, oil field brines, deep-

|

seated springs, and sea water, Silvey

(1967) found enrichment of germani-um '

in waters of deep origin (more than
j

500 ppb for springs and an average of

lU ppb for brines) and undetectable
amounts in ground water, sea water, and

all but two of 6$ stream waters. A
Department study (1967) of trace ele-

ments in thermal springs of Long Valley,

California, confirms the association of

germanium with deep sources. The unde-

tectable germanium content (less than

0.3 ppb) in ground waters of the Pismo

Hydrologic Subarea, therefore, precludes

saline connates as a chlordde source.

When the data failed to support the

assumptions, the explanation for the

chloride degradation of this water

was sought elsewhere. Local residents

report that the alluvial soil is rich

in "alkali salts" and that "alkali

salt water" (sodium chloride taste) was

encountered by the first city wells

constructed in Recent alluvium prior to

I
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1930. Figure 12 shows that, except for

freshening after heavier rainfall in

1958 and 1962 (wells 32S/12E-13J1 and

-13J2) and except for the samples col-

lected after brief piunping (well -13R1),

chloride concentrations have not
changed appreciably.

Data show a focus of increasing chloride

toward well -13R1, which is nearest to

Pismo Lake, a chloride-enriching,
sulfate-reducing environment (Table 5).
In wells near -13R1 which tap the upper
and lower alluvial zones, chlorides
increase toward ground surface. These
conditions all point to natural degra-
dation from solution of residual marine
and evaporite salts indigenous to the
geologic environment.

Seasonal chloride fluctuations at
wells 32S/12E-13J1 and -13J2 indicate
that the sodium chloride in solution is
diluted with the increased underflow
that resTilts from higher rainfall in
the watershed tributary to Price
Canyon.

Chloride gain with pumping time at

well -13J2 is attributed to either of

the following: (l) increasing vertical
recharge of \inconfined water as the
water level is lowered by pumping or
(2) increasing lateral recharge. The
well is situated at the eastern edge of
ground water moving downstream from
Price Canyon (Plate U) . With increased
pumping (well -13J2 replaced well -13R1
for irrigation supply), a greater por-
tion of the water it yields may be sup-
plied by flow originating from the
east. In short, pumping could have
drawn high chloride water north and
west into the cone of depression sur-
rounding the well, but not into the
main stream of underflow from Price
Canyon, which is tapped by upstream
well -13J2 and coastal piezometer
-2UB1.

Recent Alluvium—Arroyo Grande Creek

Well 32S/13E-31C1, located about 30
feet from a lagoon of Meadow Creek
(Plate h) and constructed in the
upper alluvial (unconfined) zone,
yields high chloride water which has
been cited locally as evidence of sea-
water intrusion. Data pertinent to
this assumption are given in Table 10.

TABLE 10

DATA FROM WELL 32S/13E-31C1

Sample
date

Sounded well

,

depth in feet

Pumping
time , in

minutes

Water level
,

elevation, in

feet*

.CI,m ppm

1- T-63

U-lU-65

1-22-66

10- k-6h

56.1+

39.0

thief



Water levels at the well have exceeded
the minimum elevation necessary for

sea-water intrusion. Further, chlo-
rides at piezometer 32S/13E-30N1
(POO-It), located slightly seaward of
this well and about 100 feet from the
lagoon, have not exceeded 132 ppm
since June 1965- Increasing chloride
with decreasing depth at the well
indicates a surface source. Relative
chloride concentrations for the well
and piezometer show a focus of degra-
dation toward the lagoon.

One of two tide gates separating the
lagoons from the tidal channel of
Arroyo Grande Creek has leaked since
their installation in 19^7. The bot-
tom elevation of the gate is i|.3 feet
above sea level. During high tides,
salt water flows into the lagoons to
at least 5^0 feet upstream of
well -31C1. (See Table ^, sample at
Pier St. Bridge.) This is the obvious
source of chloride water tapped by the
well.

ward. Ultimately, this water may reach
coastal monitoring sites and, if so, it

would cause a slow gain in chloride but
probably not above 200 ppm. Plate h
shows the present extent of 100 ppm
chloride front.

Such degradation of coastal waters can
be easily distinguished from sea-water
intrusion by accompanying increases in
chloride, sulfate, and TDS. Figure l5
shows the arrival of degraded water at
well 10N/35W-7F1 in 1953 and the
increases in chloride, sulfate, and
TDS after that time.

Table 11 lists chloride concentrations
at monitoring wells by 5-year incre-
ments. Recharge of captured storm
flow at Twitchell Reservoir will help
offset degradation from recycling.

Paso Robles Formation

Recent Alluvium—Santa Maria River

In the Santa Maria Hydrologic Subiinit,
high mineral concentrations are found
in the top of the confined system,
which is the lower member of the Recent
alluvium, and in that aquifer, they
decrease seaward from younger to older
water. Mineralization diminishes down-
ward through multiple aquifers of the
Txnderlying Paso Robles Formation and
is evident only in the A and B zones.
The recycling of applied water in the
basin forebay east of the study area
is the source of this degradation.

Sampling programs dating back to 19^4-1

(in a few cases to 1927) show that
degradation from recycling has been
slight to moderate at most wells, that
the process is continuing even though
chloride tends to stabilize, and that
the zone of influence is advancing sea-

Coastal A zone water beneath both the
Pismo Plain and the western edge of
Tri-Cities Mesa (within the pumping
depression) is subject to recharge from
overlying or flanking chloride-rich
water of Recent alluvium. The affected
area extends south beneath the Pismo
Plain through Section 30, Township 32
South, Range 13 East, and east in
Section 30 about 1,000 feet inland of
Highway 1. A zone wells affected
include the following:

32S/12E-2UK1
-2UR1 (POO-2)
-2l;R2 (POO-2)

32S/13E-30K6 (City of Pismo Beach)

-30L1
-30L2
-30P1
-30P2

k6-
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TABLE 11

FIVE-YEAE INCREMENTAL CHANGES IN CHLORIDE
LOWER ZONE-OLDER AQUIFER WELLS

SANTA MARIA PLAIN

Well
Numter

1927 19^2 19^7 1952 1957 1962 1967

10N/35W-3N1

-4C1

-iiPl

-5J1

-7F1

-7P1,2

-9F1

-15G1

-15M1

-i6mi

-17D1

-17E1

-21C1

-22M1

11N/35W-33F1

-33G2

122

h5

I48

181



SHALLOW RECHARGE
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CHAPTER VII. CURRENT AND POTENTIAL SALT WATER INTRUSION

As has been emphasized, sea-water in-

trusion is not an immediate critical
problem onshore at present. Slight
intrusion is evident in shallow terrace
deposits and a deep intrusion wedge is

apparent in the Careaga Sand, both at
the north limit of the study area.

Both are essentially unused aquifers.
Little is known concerning the hy-
draulic gradient in these deposits.
The intrusion poses no significant
threat to the principal aquifers; both
intruded aquifers are relatively stable
and will not be grossly affected by
future pumping in the principal aquifers,

South of POO-2, coastal ground waters
(excluding those degraded by environ-
mental salts) show no saline degrada-
tion in purriped or deeper undeveloped
aquifers. However, the electric log
for POO-3 suggests, but does not con-
firm, onshore intrusion in a thin bed
of the Paso Robles B zone opposite the
pumping depression at Tri-Cities Mesa.
This aquifer may be hydraulically sub-
ject to sea-water intrusion during the
summer and early fall. Confirmation
of intrusion will require further drill-
ing and well construction.

Present Status of Intrusion

I

The discussion that follows gives more
\

information on the three formations
that have shown evidence of intrusion.

Terrace Deposits

Upper Pleistocene terrace deposits

north of Pismo Creek form a minor

unconfined aquifer capping a wave-cut

beach. Because this aquifer terminates

at the sea cliff and has limited fresh
water recharge and storage, it is nat-

urally subject to onshore intrusion
where depressed below sea level.

Drainage of the aquifer during the
summer and early fall lowers the
water table and facilitates slight
intrusion during high tides. Recharge
of the aquifer during the wet season
raises the water table, which in turn
repels the intrusion front. This sea-
sonal pulsing of the fresh water-salt
water interface and the daily pulsing
resulting from well pumping and ocean
tides create a zone of diffused fresh
and salty water at the seaward and
south limits of the aquifer (Plate U).
There it is in hydraulic continuity
with sea-water-bearing beach sand and
brackish water of Recent alluvium and
with the tidal lagoon of Pismo Creek.

Paso Robles Formation

Although it did not show up in the

water quality analysis, possible sea-

water intrusion In the B zone at POO-3
is suggested by the electric log,

which exhibits a sharp decrease in

apparent resistivity (Section B-B',

Plate 2A) . Low resistivity is caused

by increased salinity. The suspected

bed is at a depth of l60 to 16? feet

below ground surface (II4.O to lU7 feet

below sea level)

.

Whether this represents a salt water-

bearing sand and gravel or a residual

salt-laden silt and clay lense is the

question. Drill cuttings of a rotary

hole penetrating thin alternating fine

and coarse-grained beds (typical of the

Paso Robles Formation) are mixed. Ac-
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curately logging individual beds and
precisely defining the boundaries are

extremely difficult.

If the suspected bed is a salt water-
bearing sand and gravel, it is of con-
cern. But if it is a silt and clay
lense filled with residual salt water,
then it would pose no threat to fresh
ground water.

Eiriphasis at FOO-3 was given to over-
lying aquifers, which were believed
to be influenced by brackish water, and
to the Careaga Sand, Lacking access
to the suspected bed, neither water
level nor water quality data were avail-
able. Because POO-3 is in the center
of the pumping depression, water level
data from the B zone at sites POO-1 and
POO-U, which surround POO-3, are not
applicable.

Careaga Sand

Sea-water intrusion deep in the

Careaga Sand is evident north of POO-3
(Section A-A' , Plate 2A), even though
the formation is essentially unpumped
and yields coastal artesian flow in

excess of 10 feet above sea level.
This paradox is explained by the
Ghyben-Herzberg Principle which states
that the depth of fresh water below
sea level is related to the height of
fresh water above sea level.

Under static conditions, 1 foot of
positive fresh water head is required
to sustain a UO-foot column of fresh
water below sea level. Under dynamic
field conditions, where frictional
head loss occurs in the salt water
wedge, this ratio is increased. In a
deep confined aquifer, an intrusion
condition can exist whenever the posi-
tive artesian head is less than the
effective salt water head at some point
below sea level. The extent of intru-
sion is a function of the relative
fresh and salt water heads, depth,
distance from the salt water forebay.

and frictional head loss in the salt
water mass.

With respect to the Careaga Sand, the

rising elevation of the salt water
body northward toward where the forma-
tion outcrops on the ocean floor clearly
defines the focus of saline degradation.
Such peripheral (as opposed to frontal)

intrusion is to be expected along the

rising truncated limbs of synclinal
basins

.

Electric log data for POO-1 indicate
the top of the salt water zone to be
approximately iblO feet below sea level
and for POO-2 to be approximately 505
feet below sea level. The median sea-

sonal artesian head during 1967-68
(Figure 7) at POO-2 was approximately

7.7 feet; the median seasonal head at

POO-1 is estimated at 8.2 feet. Com-
paring these median artesian heads to

salt water depths in March and June

1965 (when the electric logs were
recorded) yields the following ratios:

POO-1
POO-2

8.2:l4lO

7.7:505
or
or

1:50

1:6U

Even assuming that artesian head at
each site was higher in 1965 (as sug-

gested by Figure 7), the positive
fresh water head to salt water depth
ratios favor sea-water intrusion. The

greater ratio at POO-2 agrees with an

expected head loss in the salt water
mass from frictional resistance to flow
between POO-1 and POO-2.

The intrusion wedge in the basal
Careaga Sand is, in other words, essen-
tially a natural phenomenon attribut-

able to insufficient positive artesian
pressure. To some extent this condi-
tion is affected by pumping-induced
water level declines in the overlying
Paso Robles Formation. Water level
data for POO sites show an upward hy-
draulic differential between the

Careaga and Paso Robles; recharge
occurs from the Careaga to the Paso

Robles, Lowering of water levels in

the Paso Robles increases this differ-
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ential, effecting a higher recharge
rate and a consequent reduction in
Careaga fluid pressure.

Potential for Future Intrusion

Although sea-water intrusion is not a
critical onshore problem in principal

aquifers now, it is undoubtedly occur-
ring offshore and may, in time, reach
coastal wells. When this will occur
cannot be detennined with certainty
because the offshore storage of fresh
water, the submarine geologic regijnen,
and the future hydraulic influences
are unknown. These factors, however,
can be evaluated from onshore reservoir
conditons, offshore topography, anal-
ogy to other California basins, and
projected net water requirements.

Projected Net Water Requirements

Projected net water requirements (con-
sumptive use) in basins bordering the
study area have been determined re-
cently by the Bureau of Reclamation,
consulting civil engineers, and the
Department of Water Resources. These
investigations are summarized below.

Agricultural demand and consumption of
water in the Santa Maria and Arroyo
Grande Hydrologic Subunits and the
Pismo-Shell Beach area will remain
essentially at present levels through
1990.

A projected gain in demand and net use
of water will result chiefly from a
moderate growth in population. The
largest urban expansion will occur in
the Pismo-Shell Beach area and the
coastal Arroyo Grande Valley.

Increasing water demand in that por-
tion of Zone 3-;;- will be met through

5C- San Luis Obispo County Flood Control
and Water Conservation District Zone 3
encompasses the Arroyo Grande area.

the early 1980's by the Lopez Dam and
Reservoir constructed on Arroyo Grande
Creek (1969) by the San Luis Obispo
County Flood Control and Water Conser-
vation District. Lopez Reservoir
will provide an anticipated gross safe
yield of 6,600 acre-feet per year.

Assuming that long-term mean precipita-
tion prevails during 1970-90, the effect
of increasing net water use on water
levels in each subunit is projected as
follows

:

Arroyo Grande Subunit . As has been
pointed out earlier, hydrographs of
wells in the northern portion of the
subunit (Figure U) exhibited cyclic
lowering and rising of water levels
with changing precipitation during
1951-68, but little if any net decline.
This indicates a long-term balance be-
tween replenishment and discharge of
ground water.

Increasing urban water use will be
nearly offset by delivered supply from
Lopez Reservoir. Until the applied
yield of Lopez water is exceeded by
increased consumptive use, a change in
past water level trends would not be
expected. Further, supplemental water
from Nacimiento River or the State
Water Project may be allocated to
zone 3 during the 1980 's when local
water demands exceed supply. If this
is done, increased draft of ground
water would not be required, all other
conditions being equal.

Conditions in the southern part of the
subunit are different. Hydrographs
show a sustained decline in water
levels, indicating a deficiency be-
tween ground water replenishment and
discharge. This is clearly attribut-
able to increasing suburban and

agricultural consumptive use. Because
water users are more scattered than in
the northern part of the subunit, the
total need is less; also, use centers
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are inland from the ocean and elevated
topographically. Allocations from

Lopez or further supplemental supplies

will probably be insiifficient both in

amount and distribution to arrest over-

pumping. Accordingly, water levels are

projected to decline at present or

greater rates.

Santa Maria Subunit . Hydrographs
(Figure 5) in the Santa Maria Subunit
show a sustained water supply defi-
ciency has existed since 19U5. Supple-
mental water created by salvaged storm
flow and controlled recharge from
Twitchell Reservoir since 19^8 have
apparently stabilized the rate of
decline, but not diminished it.

Assuming that the proposed Round Corral
Dam (safe yield 7,000 acre-feet per
year) on the Sisquoc River is not con-
structed, projected net water demands

will necessitate increasing draft of

ground water. This should cause a
slight increase in the rate of water
level decline through 1990. If the
Round Corral project is constructed,
water levels should decline at present
rates

.

Offshore Reservoir Conditions

Information on subsurface reservoir
conditions offshore is unavailable.
However, onshore hydrogeologic data
and the known topography of the ocean
floor provide important clues on prob-
able submarine reservoir conditions,
the seaward outcrop of aquifers, the
westward extent of fresh ground water,
and the anticipated pattern of sea-
water intinision.

A knowledge of the geologic structure,
discussed earlier, and a projection of
the conditions to the offshore area
indicate the following:

1. The Santa Maria syncline extends
seaward to the Santa Lucia bank, lo-
cated 39.5 statute miles offshore from
the middle of Santa Maria Valley.

2

.

There is no topographic or regional
geologic evidence of a major fault bar-
rier limiting the seaward extent of
fresh grotind water or, conversely, the
landward encroachment of sea water.

3. Faults along the fold limbs parallel
the fold axis and, if present offshore,
they may impede (but probably not pre-
vent) peripheral escape or infiltration
of fluids along truncated edges of the
basin.

It. Multiple, confined aquifers prevail
offshore.

5. Downwarped aquifers (Paso Robles and
Careaga) intercept the ocean floor in
elliptical, or egg-shaped, bands
scribed around the seaward perimeter of
the basin. Thus, aquifers are exposed

'

near shore along the rising limbs of
the fold, but ftirther and further off-
shore, they approach the nose, or
center, of the depression. The older
and deeper the aquifer, the greater the
potential fresh water storage capacity.

6. Recent aquifers intercept the ocean
floor in a linear band at their sub-
marine mouth. Projecting alluvial
aquifers seaward at onshore attitudes,
the lower Arroyo Grande aquifer would
crop out approximately l5 miles from
shore, and the lower Santa Maria aquifer
approximately 17 miles from shore.

7. Salt water access to aquifers is
limited to their submarine exposures.
Vertical movement of salt water between
aquifers is negated by confining beds
which probably increase in thickness
and lateral continuity as they progress
seaward (away from depositional source
areas )

.

These indicated offshore reservoir con-
ditions favor an extensive and thick
accumulation of fresh ground water below
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the ocean floor and separate intrusion

advances in each of the multiple con-

fined aquifers. Similar conditions

exist in the Oxnard Ground Water Basin,

which has undergone extensive sea-water

intrusion.

The Santa Maria and Oxnard Ground Water
Basins are similar hydrogeologically
in all respects except that the Oxnard
Basin is cut by a submarine canyon
which has routed sea water onshore in
the Recent Oxnard aquifer. Deeper
aquifers underlying Oxnard Plain remain
unintruded onshore. Oil exploration
electric logs (196?) in the Oxnard
Basin show fresh ground water offshore
more than h»$ miles in aquifers that

are between 300 feet and 1,270 feet
below sea level.

The 100-meter (328-foot) submarine
contour of the sea floor off Santa
Maraa Valley lies 7 to 11 statute miles
from the coast. Whether or not fresh
ground water extended that far off-
shore during glacial sea level declines
is unknown, but it is clear that the
high native artesian pressures and
probable offshore geologic conditions
were conducive to the accumulation of
an extensive submarine fresh water
reservoir.

This pattern of intrusion—upper aqui-

fer invaded, but underlying aquifer not

invaded—has developed in all large
coastal ground water basins in
California ^uch as southern Alameda
County Plain, Salinas Valley, and
Oxnard Plain) where multiple confined
aquifer conditions prevail.

Man's lowering of water levels has

initiated offshore intrusion in pumped

aquifers, and salt water wedges are

advancing landward, replacing fresh
water. Arrival of intrusion at the

coast may not, however, occur for some

time and when it does, it should be

selective. Recent aquifers, which have

the least offshore storage of fresh

ground water and the greatest onshore

p-umping, should be affected first.

Deeper aquifers, which probably contain

a larger mass of fresh ground water

offshore and are pumped less (or not at

all), should be affected last.

The system of piezometers that were

installed for this investigation should

ser^e to warn local water agencies

when intrusion begins. Thus, corrective

measures can be taken in time to pre-

serve the basin.

II
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APPENDIX B
DEFINITIONS

Words and terms as used in this report are defined as follows:

Acre-foot - The volume of water required to cover one acre to a depth of
one foot (ii3,560 cubic feet or 325,851 gallons).

Anticline - Convex fold where strata dip in opposite directions from a
common axis.

j

Apparent Resistivity - The recorded electrical resistivity in ohms-meters
' squared per meter measured by the long normal (61j. inches) or lateral

(18 feet 8 inches) curves of an electric log.

I Artesian Water - Groiuid water in a confined aquifer that is under sufficient

I

hydraulic pressure to rise above the level at which it is contained and
I to flow naturally from a well or spring.

I

Aquiclude - A geologic formation or zone which, although porous and capable
of absorbing water slowly, will not transmit it fast enough to furnish
an appreciable supply to a well or spring. In the Pismo Beach-Guadalupe
area, it is chiefly beds composed of silt and clay. It is synonymous
with confining bed.

Aquifer - A geologic formation or zone that transmits water in sufficient
quantity to supply a well or spring. In the Pismo Beach-Guadalupe area,

it is chiefly beds composed of sand and gravel. Aquifers, either
confined or unconfined, form the principal ground water reservoir.

Artificial Recharge - The process of adding water to the ground water body
through facilities primarily designed for that purpose, such as

spreading basins or injection wells.

Brackish Water - Water containing more than 1,500, but less than 5,000,
parts per million total dissolved solids.

Confined Aquifer - An aqioifer containing confined ground water.

Confined Ground Water - A body of water which is immediately overlain by
material sufficiently impervious to sever free hydraulic connection
with the water above it, and which is moving imder gradient or pressure
caused by the difference in head between the intake, or forebay area,
and the discharge area.

Confining Bed - See aquiclude.

Connate Water - Ground water entrapped in the interstices of sediments at
the time they were deposited. In this report, applied to saline waters
of sedimentary deposits.
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Containination - Defined in Section 13005 of the California Water Code:
"... an impairment of the quality of the waters of the State by
sewage or industrial waste to a degree which creates an actual
hazard to public health through poisoning or through the spread of
disease ...." Jurisdiction over matters regarding contamination
rests with the California Department of Public Health and local
health officers.

Deterioration - An impairment of water quality.

Drawdown - The lowering of the water table or piezometric surface by the
pumping of ground water.

Electric Log - The record obtained by lowering electrodes in a bore hole
and measuring, as the electrodes are withdrawn, continuous changes
in electrical resistivity and spontaneous potential (SP) of geologic
formations. Changes in resistivity and SP result principally from
differences in lithology and ground water salinity.

Equivalents Per Million (epm) - Chemically equivalent weights of solute
contained in one million parts by weight of solution. Parts per
million (ppm) divided by the combining weight of an ion.

Fault - A fracture or fracture zone along which the two sides have been
displaced relative to one another. The displacement may be a few
inches or many miles.

Fault Breccia - A rock made up of highly angular coarse fragments formed
by crushing or grinding along faults.

Fault Gouge - Finely abraded material occurring between the walls of a
fault, the result of grinding movement.

Ground Water - Subsurface water occurring in the zone of saturation and
moving under control of the water table or piezometric gradient.

Ground Water Basin - An area underlain by one or more permeable formations
and containing and capable of furnishing a substantial water supply.

Ground Water Storage - That stage of the hydrologic cycle during which water
occurs below ground surface in the zone of saturation.

Hydraulic Gradient (Head)- Under unconfined ground water conditions, the
slope of the profile of the water table. Under confined ground water
conditions, the slope of the profile of the piezometric surface.

Impaimient - A change in quality of water which makes it less suitable for
beneficial use.

Impermeable, Impervious - Having a texture that does not permit water to
move through it perceptibly under the head differences ordinarily
found in subsurface water.

Oil Field Brines - Saline connate waters ' extracted by oil wells and
discharged as industrial wastes.
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other Waste - Defined in Section 13005 of the California Water Code:
" , . . ar^r and all liquid or solid waste substance, not sewage, from

any producing, manufacturing or processing operation of whatever
nature .

"

Parts Per Mil 1 i on (ppm) - One part by weight of solute in one million
"" parts solution at a teirperature of 20° centigrade.

Percolation - The movement, or flow, of water through interstices of
porous media.

Permeability - The capacity of a porous media for transmitting a fluid.
The degree of permeability depends upon the size and shape of the
pores, the size and shape of their interconnections, and the extent
of the interconnections.

Permeability, Coefficient of - The rate of flow of water in gallons per
day through a cross-sectional area of one square foot under a

hydraulic gradient of one foot per foot at a temperature of 60° F.

Permeability, Field Coefficient of - The amount of water moving through a

unit area of aquifer per unit time under unit hydraulic gradient at
the natural temperature. It is usually expressed in gallons per day
per square foot.

Piezometer - A small-diameter observation well used to monitor the positive
pressure exerted by a water table or pressure aquifer or to obtain
ground water samples for chemical analysis.

Piezometric Surface - The surface to which confined ground water will rise
in wells iinder full aquifer head.

Pollution - Defined in Section 13005 of the California Water Code: "... an

impairment of the quality of the waters of the State by sewage or

other waste to a degree which does not create an actual hazard to

the public health but which does adversely and unreasonably affect such

waters for domestic, industrial, agricultural, navigational, recreational
or other beneficial use, or which does adversely and unreasonably affect

the ocean waters and bays of the State devoted to public recreation."

Porosity - The ratio of the volume of voids of a given soil mass to the total
volume of the soil mass, usually stated as a percentage.

Pressure Area - An area of the ground water basin underlain by confined ground
waters which are not in free hydraulic continuity with ground surface or
semiperched ground waters and which are recharged by underflow from a
forebay area.

Saline Water, Salt Water - Water containing more than ^jOOO parts per million
total dissolved solids.

Saltwater Wedge - The inland-pointing saltwater body which develops and advances
along the bottom of an aquifer by virtue of the greater specific gravity
of saline water compared to fresh water.
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Saturation, Zone of - The zone below the water table in which all interstices
are filled with ground water.

Sea Water - Ocean water containing approximately 36,000 parts per million
total dissolved solids.

Sea-Water Intrusion - The encroachment of sea water into fresh water aquifers
under a landward or downward hydraulic gradient.

Semiperched Ground Water - Shallow ground water within the zone of saturation
having a different hydraulic head and usually a different chemical quality
than underlying confined ground waters. Free hydraulic continuity with
the underlying water is interrupted by an aquiclude.

Storage, Coefficient of - The volume of water released from storage in each
vertical column of aquifer having a base one foot square when the water
level declines one foot. In an unconfined aquifer, the storage coeffi-
cient approximates specific yield; in a confined aquifer, it is related
to the elasticity of the aquifer and usually is veiy small.

Syncline - A concave fold where strata dip toward a common axis.

Tidal Water - Sea water that is driven inland by virtue of tidal action.

Total Dissolved Solids (TDS) - The dry residue from the dissolved matter in
an aliquot of a water sample remaining after evaporation of the sample
at a definite temperature.

Transmissibility, Coefficient of - The rate of flow of water at the
prevailing water temperature in gallons per day through each vertical
strip of the aquifer one foot wide, extending the full saturated
height of the aquifer, under a hydraulic gradient of 100 percent.

Unconfined Aquifer - An aquifer containing a water table which is at
atmospheric pressure and above which water can, in most cases,
percolate freely to the zone of saturation.

Unconfined Ground Water. - Ground water whose upper surface forms a water
table at atmospheric pressure and in which hydraulic pressure is
equal to the depth from that water table to the point in question.
It moves under gravity according to the slope of the water table.

Unconformity - A surface of erosion or, sometimes, of nondeposition, that
separates younger strata from older rocks.

Water Table - The surface of ground water at atmospheric pressure in an
unconfined aqiiifer. It forms the upper limit of the zone of saturation.
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Appendix C

mTER QUALITY CRITERIA

This appendix contains water quality criteria as adopted by the Department of
Water Resources for irrigation, municipal, and domestic uses, and an explana-
tion of the state well and spring numbering system.

Water Quality Criteria

The suitability of a given water for a particular use is dependent upon its
bacteriological, chemical, physical, and radiological character. Only the
chemical aspect of water quality will be emphasized here.

Due to a high solvent capacity, naturally occurring water available for man's
use contains dissolved mineral salts dissociated into positively charged
cations and negatively charged anions. These dissolved ions are generally
ranked as major and trace constituents. A complete chemical analysis lists
the relative concentrations, by weight of the major cations (calcium, magnesium,
sodium, and potassium), the major anions (carbonate, bicarbonate, sulfate,
chloride, and nitrate), and generally silica, boron and fluoride. Also listed
are the pH (hydrogen ion concentration), temperature, electrical conductance,
total dissolved solids, total hardness, and percent sodium. The relative
concentrations, or values, of these chemical and physical parameters determine
the suitability of a water for particular uses.

Standards are those values established by a regulatory agency as obligatory
limits beyond which water is rejected for a particular use. Criteria are
general guidelines, not obligatory, for judging water quality.

Domestic and Municipal Use

Water used for drinking and culinary purposes should be clear, colorless,
odorless, pleasant tasting, and free from toxic salts. It should not contain
excessive amounts of dissolved minerals and it must be free from pathogenic
organisms. In addition to these requirements, certain qualifications are
generally placed on chemical quality by a regulatory agency or for comparative
grading of different waters.

The 1962 Drinking Water Standards of the United States Public Health Service
are the most recent in a series started in I91I4. to serve as guides for pro-
tecting the health of the traveling public. Since I91I;, they have been
revised several times in the light of increasing medical and engineering
knowledge. The Drinking Water Standards are legally applicable only to
drinking water and water supply systems used by interstate carriers and others
subject to Federal quarantine regulations. Table 2h presents the standards.
The recommended values are those which should not be exceeded in a water
supply if other more suitable supplies are or can be made available. The man-
datory values are those which, if exceeded, constitute grounds for rejection
of the supply.
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TABLE 13

iraiTED STATES PUBLIC HEALTH SERVICE
DRINKING WATER STANDARDS, 1962



TABLE lU

UTttTED STATES PUBLIC HEALTH SERVICE
DRINKENG WATER STANDARDS, 1962 — FLUORIDE

Annual averaee of maximum



UPPER LIMITS OF TOTAL SOLIDSHS- AND SELECTED MINERALS
IN DRINKING WATER AS DELIVERED TO THE CONSUMER

[ Permit [ Temporary Permit

1,500 parts per million
600 " " "

600 " " "

Total solids 500 (l,000)-;Hi

Sulphates 2^0 ( 500>
Chlorides 2^0 ( 500)-;c-;i

Magnesiuin 12^ ( 125) 150 " " "

1/ Author's Note: It is assumed, in the absence of any-

later proclamation, that the 1962 Drinking Water
Standards now apply.

-x-This interim policy relates to potable water and is
not intended to apply to a secondary mineralized
water supply intended for domestic uses other than
drinking and culinary purposes.

JKsWaters having less than 32 milliequivalents per liter
of dissolved munerals or 1,600 micromhos electrical
conductance will usually have less than 1,000 parts
per million total solids.

-;HB;-Numbers in parentheses are maximum permissible, to be
used only where no other more suitable water is
available in sufficient quantity for use in the
system.

"3. Exception: No temporary permit for drinking water supplies
in which the mineral constituents exceed those listed under
the heading 'Temporary Permit' as set forth in Mo. 2 above
may be issued unless the Board determines after public
hearing

:

(a) The water to be supplied will not endanger the lives
or health of human beings; and

(b) No other solution to meet the local situation is

practicable and feasible; and

(c) The applicant is making diligent effort to develop,
and has reasonable prospect of developing a supply
of water which will warrant a regular permit within
an acceptable period of time.

The burden of presenting evidence to fulfill the requirements
as set forth in (a), (b), and (c) above is upon the applicant."
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With respect to fluoride concentrations, the State Board of Public Health has

defined the maximum safe amounts of fluoride ion in relation to mean annual
temperature as shown in Table 1$

TABLE 15

CALIFORNIA STATE BOARD OF PUBLIC HEALTH
MAXIMUM FLUORIDE ION CONCENTRATIONS

Mean annual temperature, :Mean monthly fluoride concen-
in degrees Fahrenheit-:?- ttration, in parts per million

50 1.5
6o 1.0
70 - above 0.7

3«-For temperature values between those shown in the table, the

fluoride ion concentrations may be obtained by
interpolation

.

The State Board of Public Health's policy on fluoride ion further states that;

"1. The concentration of the fluoride ion in public water systems,

whether added or naturally occurring, should not exceed the

fluoride ion concentrations stated in the above table.

"2. In the development of new public water systems used for

drinking and culinary purposes the above fluoride ion concen-

trations shall not be exceeded.

"3. In existing public water systems used for drinking and

culinary purposes in which the above fluoride ion concen-

trations are exceeded the fluoride ion concentration shall

be reduced to a safe level by the use of methods acceptable
to the State Department of Public Health. Exception: In

cases where the Department determines after investigation
that it is not practicable and feasible to reduce the

fluoride ion concentration in the entire supply to a safe

level, special methods acceptable to the State Department

of Public Health, shall be provided by the applicant to

furnish water of suitable fluoride ion concentration to all

children 10 years of age or under."

Another common criteria for judging the suitability of water for domestic use

is hardness, a measure of the soap-consuming power of the water. In general,

hardness results from the presence of cations, principally calcium and magne-

sium, which form insoluble compounds with soap. For classifying water, the

following definitions of relative total hardness are used in this report:
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1. Soft - waters containing less than 100 ppm of total hardness.

2. Moderately hard - waters containing 101 to 200 ppm of total hardness.

3. Hard - waters containing more than 200 ppm of total hardness.

Agricultural Use

The major criteria for judging the suitability of water for irrigation are

chloride concentration, specific electrical conductance (presented as EC x 10
at 25° C), boron concentration, and percent sodium.

Chlorides are present in nearly all waters. They are not necessary to plant
growth, and in high concentrations they cause subnormal growing rates and
bxirning of leaves.

Electrical conductance indicates the total dissolved solids and furnishes an
approximate indication of the overall mineral quality of the water. For most
waters, the total dissolved solids measured in parts per million (ppm) may be
approximated by multiplying the electrical conductance by 0.7. As the amount
of dissolved salts in irrigation water increases, the crop yields are reduced
until, at high concentrations (the value depending on the plant, type of soil,
climatological conditions, and amount of water applied), plants cannot survive.

Boron is never found in the free state but occurs as borates or boric acid.
This element is essential in minor amoimts for the growth of many but not all
plants. It is, however , extremely toxic to most plants in high concentrations.
Limits of tolerance for most irrigated crops vary from 0.5 to 2.0 ppm. Citrus
crops, particularly lemons, are sensitive to boron in concentrations exceeding

0.5 ppm.

The percent sodium, as reported in analyses, is 100 times the proportion of

the sodium cation to the sum of all cations, all expressed in equivalents per
million (epm). Water containing a high percent sodium has an adverse effect
upon the physical structure of soils that contain clay by dispersing the soil
colloids. This reduces soil permeability, thus retarding the movement of water
and the leaching of salts, and makes the soils difficult to work. The effect
of potassium in water is similar to that of sodium.

Because of the diverse climatological conditions, crops, soils, and irrigation
practices in California, criteria which may be set up to establish the suit-
ability of water for irrigation must necessarily be general, and judgment must
be used in applying these criteria to individual cases.

Based on results of studies by Dr. L. D. Doneen, Professor of Water Science and
Engineering at the University of California at Davis, three general classes of
irrigation water have been established.
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Class 1 Excellent to good . Regarded as safe and suitable for most
plants under any condition of soil or climate.

Class 2 Good to injurious . Regarded as possibly harmful for certain
crops under certain conditions of soil or climate, particu-
larly in the higher ranges of this class.

Class 3 Injurious to unsatisfactory . Regarded as probably harmful to
most crops and unsatisfactory for all but the most tolerant.

Limiting values for concentrations of chloride, boron, specific electrical
conductance, and percent sodium for these three classes of irrigation water
have been established and are shown in Table l6.

TABLE 16

CRITERIA FOR IRRIGATION WATERS

Class 2 -

Good to

injurious
Factors

Class 1 -

Excellent
to good

Class 3 -

Injurious to

unsatisfac tory

Specific elec-
trical conduc-
tance,. Less than
ECxlO° at 25°C

Boron, ppm

Chloride, ppm

Percent sodium

1,000

Less than 0.5

Less than 175

Less than 60

1,000-3,000 More than 3,000

0.5-2.0 More than 2.0

175-350 More than 350

60- 75 More than 75

Well and Spring Numbering System

For convenience in recording wells and springs and pertinent data, the following

system has been used.

Water Wells

Wells from which samples of water or measurements of depth to ground water have
been obtained are assigned state well numbers. These wells are referenced by
the United States Public Land Survey System. The well number consists of the
township, range, and section numbers, a letter to indicate the UO-acre lot in
which the well is located, and a number to identify the particular well in the
l;0-acre lot.
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Sections are subdivided into iiO-acre lots as shovfti below. For example, well
12M/3^-31N3 denotes the third well to be assigned a number in Lot N of

Section 31 of Township 12 North, Range 35 West.
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